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UHGXFHRSHUDWLRQFRVWV:LWKWKLVREMHFWLYHLQPLQGWKH&HOOXODU7UDQVSRUW6\VWHP&76ZDVGHYHORSHG
DVDQDOWHUQDWLYHLQWUDORJLVWLFVV\VWHPE\WKH)UDXQKRIHU,QVWLWXWHIRU0DWHULDO)ORZDQG/RJLVWLFV
7KH&76LVEDVHGRQDXWRQRPRXVWUDQVSRUWDWLRQHQWLWLHVWHQ+RPSHOHWDOZKLFKDUHDEOHWRSLFN
SDFNDQGVKLSPRYDEOHVWRUDJHVKHOYHV$QLQFUHDVHLQWKHXVHRIDXWRQRPRXVYHKLFOHVFDQEHVHHQLQDQ\
NLQGRIILHOG7KHUHVHDUFKRQURERWLFVDQGRQPXOWLDJHQWV\VWHPVZDVFRPELQHGLQRUGHUWRSURYLGHD
QHZ W\SH RI DXWRQRPRXV YHKLFOH IRU LQWUDORJLVWLFV DSSOLFDWLRQV ZKLFK LV FDOOHG D 0XOWL6KXWWOH 0RYH
060 +RZHYHU FXUUHQW DXWRQRPRXV YHKLFOH DSSOLFDWLRQV VXFK DV $9656 DUH UHODWLYHO\ LQIOH[LEOH
(NUHQ HW DO  ,Q RWKHU ZRUGV DXWRQRPRXV YHKLFOHV DUH QHLWKHU VHOIFRQWUROOHG QRU IXOO\
DXWRQRPRXV)RULQVWDQFHWKH\DUHQRWDEOHWRFRPPXQLFDWHZLWKHDFKRWKHULQRUGHUWRILQGWKHVKRUWHVW
ZD\QRUQHJRWLDWHWRIXOILOWKHFXVWRPHUUHTXLUHPHQWVLQDPLQLPXPWLPH,QFRQWUDVWWRSUHYLRXVVWXGLHV
WKHSURSRVHG060VZLOOKDYHWKHIROORZLQJWHFKQLFDOIHDWXUHVWKH\ZLOOEHDXWRQRPRXVO\LQWHOOLJHQW
DQGVHOIRULHQWHG7KH\ZLOOEHDEOHWRPRYHQRWRQO\RQWKHIORRUEXWDOVRLQVLGHWKHUDFNVWRUDJH
7KH\ZLOO KDYH WKH DELOLW\ WR FRPPXQLFDWH ZLWK RWKHU YHKLFOHV DQG WKHLU VXUURXQGLQJ HQYLURQPHQW 
7KH\ZLOOKDYHDGHFHQWUDOL]HGDUFKLWHFWXUHZLWKDQDXWRQRPRXVDQGDVZDUPLQWHOOLJHQWV\VWHP
&KDQJHDELOLW\LQG\QDPLFPDUNHWVQHHGVQRWRQO\IOH[LEOHZDUHKRXVHV\VWHPVZLWKDXWRQRPRXVYHKLFOHV
EXWDOVRDQWLFLSDWRU\V\VWHPVZKLFKVKRXOGIDFLOLWDWHSODQQLQJIRUYDULRXVIXWXUHVFHQDULRV7KHSXUSRVHRI
DQWLFLSDWLQJSRVVLEOHIXWXUHVFHQDULRVE\XVLQJWKHDIRUHPHQWLRQHGWHFKQLTXH LV WREHDEOHWRGHWHUPLQH
WKH RSWLRQ ZKLFK EHVW HIIHFWXDWHV WKH VHW UHTXLUHPHQWV ,Q RUGHU WR PDQDJH DQ LQWUDORJLVWLFV V\VWHP
Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems
2
 


FRPSDQLHVQHHG WRNQRZ WKHHIIHFWVRI WKHLUGHFLVLRQVDQG WKH\QHHG WREHDZDUHRIZKLFKDSSURSULDWH
DFWLRQWRWDNHQH[W$WWKLVSRLQW$QWLFLSDWRU\&KDQJH3ODQQLQJ$&3DOORZVWKHV\VWHPWRLGHQWLI\QHZ
RSSRUWXQLWLHVSUHGLFWPDUNHW UHTXLUHPHQWVDQG WRPDNH IXWXUHSODQV+HQFHZKHQXVLQJ$&30HWKRG
(QJLQHHUVVKRXOGEHDEOHWRSODQIDVWHUDQGEHWWHU7KHFRPSDFWIRUPRIWKLVDLPHGVWXG\LVUHSUHVHQWHG
YLVXDOO\LQWKHIROORZLQJ)LJXUH

)LJXUH)XQGDPHQWDO6WUXFWXUHRIWKH5HVHDUFK6WXG\
 3UREOHP'HILQLWLRQ
8QWLOQRZVRPHUHVHDUFKKDVEHHQFDUULHGRXWUHJDUGLQJWKHWHFKQLFDODVSHFWVRIWKH&76HJDYRLGDQFH
RI FROOLVLRQ RU ZULWLQJ HPEHGGHG VRIWZDUH LQWR WKH VKXWWOHV¶ FRPSXWHU V\VWHPV LQ RUGHU WR FUHDWH
DXWRQRPRXVO\PRELOHURERWV+RZHYHUWKLVWKHVLVZLOOGLVFXVVWKHH[DPLQDWLRQRIWKH&76DVDZKROHE\
IRFXVLQJRQWKHPDLQRSHUDWLRQVRIZDUHKRXVLQJVXFKDVUHFHLYLQJVWRUDJHSLFNLQJDQGVKLSSLQJ(YHQ
WKRXJK.DPDJDHZHWDOFRPSDUHGWKH&76ZLWKFRQYHQWLRQDOFRQYH\RUV\VWHPVSDUWO\WRVKRZ
LWVIOH[LELOLW\QRUHVHDUFKKDVEHHQFDUULHGRXW\HWUHJDUGLQJWKHHIILFLHQF\DQGHIIHFWLYHQHVVRIWKH&76
)XUWKHUPRUH$656KDVEHHQVXFFHVVIXOO\XVHG IRUPDQ\\HDUV LQYDULRXVDSSOLFDWLRQVPDNLQJXVHRI
ERWK DQDO\WLFDO DQG VLPXODWLRQPRGHOV (OGHPLU HW DO  $9656 KDV DOVR EHHQ LPSOHPHQWHG DW
QXPHURXVIDFLOLWLHVLQ(XURSH(NUHQHWDO$VDUHVXOWVHWWLQJXSQHZZDUHKRXVHVZLWKFXUUHQW
LQWUDORJLVWLFVV\VWHPVLVYHU\ZHOONQRZQ2QWKHRWKHUKDQGWKH&76LVDQRYHOLQWUDORJLVWLFVPHWKRG$V
FRPSDQLHVODFNERWKH[SHULHQFHDQGNQRZKRZLQWKLVILHOGWKH\DUHQRWDEOHWRLPSOHPHQW&76LQWKHLU
ZDUHKRXVHV
$OWKRXJKLQUHFHQW\HDUV$JHQW%DVHG6LPXODWLRQKDVEHFRPHPRUHSRSXODU LQDEURDGUDQJHRIDUHDV
DQG GLVFLSOLQHV WKH VLPXODWLRQ PRGHO RI ZDUHKRXVH V\VWHPV GHVLJQHG EDVHG RQ DJHQW DUFKLWHFWXUH LV
OLPLWHG%HVLGHVWKLVIDFWWKHUHDUHQRVWXGLHVDYDLODEOHLQ WKHOLWHUDWXUHFRQFHUQHGZLWK&76VLPXODWLRQ
GXH WR LWV QRYHOW\+HUHE\ WKH HVVHQWLDO TXHVWLRQ WR EH H[DPLQHG LQ WKLV VWXG\ LV KRZ WR VLPXODWH WKH
VWUXFWXUDOGHVLJQRI0XOWL6KXWWOH0RYH060WKLQNLQJWRJHWKHUZLWKFRQYHQWLRQDOZDUHKRXVHDFWLYLWLHV
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
,W LV FHUWDLQ WKDW DOO NLQGVRIEXVLQHVVHVKDYH FRQIURQWHGPDQ\GLIILFXOWLHV LQRUGHU WR UHFRQILJXUH WKHLU
RUJDQL]DWLRQV HFRQRPLFDOO\ DQG ZLWK WKH OHDVW HIIRUW EHFDXVH RI FRQWLQXRXVO\ FKDQJLQJ IDFWRUV RQ D
VWUDWHJLFWDFWLFDORURSHUDWLRQDOOHYHO2QHUHDVRQEHKLQGWKLVFKDOOHQJHLVWKHGHILFLHQF\RINQRZOHGJH
DERXW FKDQJH W\SHV DQG WKH GULYHUV RI WKHVH FKDQJHV (YHQ WKRXJK VRPH PHWKRGV H[LVW WR ILOO WKLV
GHILFLHQF\ LH 5LVN0DQDJHPHQW DQG 'LVUXSWLRQ0DQDJHPHQW WKHUH VKRXOG EH D SDUWLFXODU SODQQLQJ
PRGHOWKDWFRXOGEHGHILQHGDVDFRQWLQXRXVSURFHVVZKLFKVXSSRUWVWKHDVVHVVPHQWRIFKDQJHVLQFUHDVHV
WKHDZDUHQHVVRIWKHVHFKDQJHVDQGLPSURYHVWKHPDQDJHPHQWRIFKDQJHVHIILFLHQWO\
,QDGGLWLRQQRUHVHDUFKKDVEHHQIRXQGWKDWVXUYH\HGDFRPSDFWIUDPHZRUNIRUWKHLQWUDORJLVWLFVV\VWHP
HVSHFLDOO\ EDVHG RQ DXWRQRPRXV DUFKLWHFWXUH ZKLFK LV FDSDEOH RI DSSO\LQJ DQG DQWLFLSDWLQJ FKDQJHV
ILQGLQJDSSURSULDWHPHDVXUHV LQFDVHRIQHFHVVLW\DIWHUSXWWLQJFKDQJHV LQWRSUDFWLFHDQGHYDOXDWLQJ WKH
ZKROHV\VWHPZLWKWKHKHOSRIZKDWLIVFHQDULRV 
 5HVHDUFK4XHVWLRQV
7KHDLPRIWKLV3K'WKHVLVLVWRILUVWGHYHORSDVLPXODWLRQPRGHORIDFRPSOHWH&76ZLWKD0XOWL6KXWWOH
0RYH6\VWHP,QDGGLWLRQWKHPRGHOVKRXOGFRPSULVHDSURFHGXUHRIWKHVLPXODWLRQVWUXFWXUHLQRUGHUWR
HQVXUHWKDWLWFRXOGEHEHQHILFLDOIRUWKHSUDFWLWLRQHUVWKURXJKRXWWKHLQVWDOODWLRQRUWKHFRQVWUXFWLRQRIWKH
&76$VDVHFRQGVWHSWKHWKHVLVVHHNVWRDQWLFLSDWHDQ\RFFXUUHQFHZKLFKFRXOGEHDQ\W\SHRIH[SHFWHG
DQG XQH[SHFWHG HYHQW DQG WR SURDFWLYHO\ ILQG LWV HIIHFW RQ WKH LQWUDORJLVWLFV V\VWHP 7KH$QWLFLSDWRU\
&KDQJH 3ODQQLQJ DSSURDFK ZKLFK VKRXOG EH FRPSRVHG RI WKUHH IXQGDPHQWDO SDUWV FKDQJH SODQQLQJ
PHDVXUHVHWWLQJXSDVZHOODVDQDVVHVVPHQWPRGHOZLOOEHGHVLJQHG7KHNH\UROHRIWKLVGLVVHUWDWLRQLQ
DGGLWLRQWRWKHDERYHPHQWLRQHGDLPVZLOOEHWRPDNHVXUHWKDWDEHWWHUGHFLVLRQLVPDGHEHIRUHGXULQJ
DQG DIWHU FKDQJH LPSOHPHQWDWLRQ E\ XVLQJ D V\VWHPDWLF H[SHULPHQWDWLRQ WRRO 7R DFKLHYH WKH
DIRUHPHQWLRQHGDLPWKLVWKHVLVVHHNVWRDQVZHUWKHIROORZLQJTXHVWLRQV
 +RZFDQWKH&76WKHPDWLFDOO\EHH[SODLQHGDQGFODVVLILHGLQWKH,QWUDORJLVWLF6\VWHPV"
$&HOOXODU7UDQVSRUW6\VWHP&76LVDQRYHOPHWKRGIRUPDWHULDOVWRUDJHDQGKDQGOLQJ7KDWLVZK\OLWWOH
UHVHDUFKKDVEHHQFDUULHGRXWRQWKH&76VRIDU)RUWKLVUHDVRQDFRPSUHKHQVLYHRYHUYLHZRIWKH&76
DQGLWVVSHFLILFDWLRQVZLOOEHJLYHQ%HVLGHVWKLVWKHEDVLFFKDUDFWHULVWLFIHDWXUHVRIH[LVWLQJLQWUDORJLVWLFV
V\VWHPVZLOOEHVXSSOLHGLQDQDWWHPSWWRFODULI\WKHGLIIHUHQFHVDQGVLPLODULWLHVRIWKH&76
 +RZFDQWKH&76EHPRGHOOHGWHFKQLFDOO\DQGVLPXODWHGE\DJHQWDUFKLWHFWXUH"
,QWKHILUVWSODFHIRUWHFKQLFDO&76PRGHOOLQJQRWRQO\ZHOONQRZQRSHUDWLRQVVXFKDVVKLSSLQJRUGHU
SLFNLQJHWFEXWDOVRRULJLQDOSURSHUWLHVOLNH0XOWL6KXWWOH0RYHDUFKLWHFWXUHZLOOEHGHVLJQHGE\PHDQV
RISURFHVV FKDLQPHWKRGRORJ\6HFRQGO\ WKH DJHQWEDVHGPRGHOOLQJDSSURDFKZLOO EHEXLOW WR VLPXODWH
V\VWHPV


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 +RZFDQDQ$&3IUDPHZRUNEHPRGHOOHGDQGLPSOHPHQWHG"
7RILQGDQDGHTXDWHDQVZHUIRUWKLVUHVHDUFKTXHVWLRQLWVKRXOGEHILUVWNQRZQZKLFKFKDQJHGULYHUVH[LVW
DQGKRZWKHLUHIIHFWVRQGHPDQGDQGVXSSO\FRXOGEHUHIOHFWHGDQGVHFRQGO\ZKLFKPHDVXUHVFRXOGEH
DYDLODEOHDQGLIUHTXLUHGKRZFRXOGWKHRSWLPXPPHDVXUHEHFKRVHQPHWKRGLFDOO\
 +RZFDQWKHHIILFLHQF\DQGSHUIRUPDQFHRIWKH&76EHDVVHVVHGDQGZKLFKPHWKRGRORJLHVVKRXOG
EHLPSURYHG"
$IWHU HQVXULQJ WKH DYDLODEOH FKDQJH GULYHUV DQG WKHLU LPSDFWV RQ GLIIHUHQW SHUIRUPDQFH NH\V LW LV
QHFHVVDU\ WR DVVHVV WKH HIILFLHQF\ RI &76 VWDWLVWLFDOO\ DIWHU FKDQJH LPSOHPHQWDWLRQ 7KHUHIRUH DQ
DVVHVVPHQW PRGHO HQKDQFHG E\ SURYLGLQJ SHUIRUPDQFH DYDLODELOLW\ DQDO\VHV DQG VFHQDULR SODQQLQJ
PHWKRGVZLOOEHJHQHUDWHG
 +RZDQGE\ZKLFKPHDQVFDQWKHLQWHJUDWHG$&3ZLWK&76EHYDOLGDWHG"
,QRUGHUWRDVVXUHWKHYDOLGDWLRQDQGYHULILFDWLRQRISURSRVHGV\VWHPV\VWHPDWLFH[SHULPHQWDWLRQPHWKRG
LQDUHDOFDVHVFHQDULRVZLOOEHVWUXFWXUHGDQGWKHDQWLFLSDWRU\FKDQJHSODQQLQJZLOODOVREHXWLOL]HGWRWHVW
GLIIHUHQWZKDWLIVFHQDULRV

 7KHVLV6WUXFWXUH
7KHUHPDLQLQJFRQWHQWRIWKHGLVVHUWDWLRQLVRUJDQL]HGDVIROORZV

&KDSWHUDLPVWRVXSSRUWHVVHQWLDONQRZOHGJHDQGSURYLGHDFRPSUHKHQVLYHOLWHUDWXUHUHYLHZRIWKUHH
PDLQ SDUWV RI VWXG\ )LUVWO\ EDFNJURXQG LQIRUPDWLRQ DERXW LQWUDORJLVWLFV V\VWHPV DQG FRQYHQWLRQDO
LQWUDORJLVWLFV PHWKRGRORJLHV WR LQWURGXFH WKH &HOOXODU 7UDQVSRUW 6\VWHP &76 ZLOO EH SURYLGHG
6HFRQGO\ WKH OLWHUDWXUH DQG VWUXFWXUH RI$JHQW%DVHG6LPXODWLRQ $%6 DUH H[SODLQHG WR GHVFULEH WKH
UHDVRQEHKLQGWKHVHOHFWLRQRI$%6DVDSDUWRIWKHGLVVHUWDWLRQ/DVWO\WKH$QWLFLSDWRU\&KDQJH3ODQQLQJ
$&3FRQFHSWZKLFKFRQWDLQVQHFHVVDU\GHILQLWLRQVDQGDOLWHUDWXUHUHYLHZDERXWSUHYLRXVVWXGLHVZLOO
EHUHSUHVHQWHG
&KDSWHU  LQWURGXFHV DQ HVVHQWLDO VWUXFWXUH RI VWXG\ IRU FUHDWLQJ DQ $&3 E\ SXWWLQJ IRUZDUG WKUHH
SODQQLQJVWHSV)LUVWWKH&KDQJH3ODQQLQJWRSLFFRPSULVHVDQH[WHQVLYHVWXG\DERXWFROOHFWLQJDOONLQGV
RI FKDQJH DQG FKDQJHDELOLW\ WR EXLOG XS D EDVLF VWUXFWXUH IRU WKH VLPXODWLRQ 6HFRQG LQ WKH0HDVXUH
3ODQQLQJVHFWLRQ WKH3URFHVV&KDLQ0HWKRG WRGHFLGHDQDSSURSULDWHPHDVXUHLQFDVHRIQHFHVVLW\DQG
6L[ 6WHSV 3ODQQLQJ WR DVVXUH D V\VWHPDWLF DSSURDFK IRU H[SHULPHQWDWLRQ ZLOO EH LQWURGXFHG 7KLUG
$VVHVVPHQW0RGHO SODQQLQJ DLPV WR HYDOXDWH WKH SURGXFWLYLW\ RI LQWUDORJLVWLFV V\VWHPV XVLQJ GLIIHUHQW
PHWKRGV

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
&KDSWHU  EHJLQV ZLWK VRPH DQDO\VHV IRU VLPXODWLRQ VRIWZDUH VHOHFWLRQ SDUWLFXODUO\ IRU $JHQW %DVHG
6LPXODWLRQ ,W LQFRUSRUDWHV WKH FRQVWUXFWLRQ RI WKH&76 DQG LQYROYHV ERWKPRGHOLQJ DQDO\VLVZLWK WKH
KHOS RI SURFHVV FKDLQPHWKRGRORJ\ DQG WKH VLPXODWLRQPRGHO $OOZDUHKRXVH DFWLYLWLHV VXFK DV RUGHU
SLFNLQJUHSOHQLVKPHQWHWFZKLFKVKRXOGEHFRPHDYDLODEOHLQDQ\LQWUDORJLVWLFVV\VWHPLVLQFOXGHGLQWKH
SURFHHGLQJVHFWLRQVRI&KDSWHU
&KDSWHUSURYLGHVWKHVWDWLVWLFDODQDO\VHVDQGDVVHVVPHQWFKDUWVDFTXLUHGIURPERWKWKHVLPXODWLRQDQG
DQDO\WLFDO PRGHO )LUVWO\ &KDQJH 3ODQQLQJ 6LPXODWLRQ &36 LV HVWDEOLVKHG DORQJ ZLWK DOO ORJLF
DOJRULWKPV EHKLQG WKH &36 VXFK DV PDUNHW FRQGLWLRQV FXVWRPHU EHKDYLRUV HWF 6HFRQGO\ WKH UHVXOW
JUDSKV FRQFHUQHGZLWK IOH[LELOLW\ FRUULGRUV DQG WZRSURSRVHGPHWKRGV WR HYDOXDWH OLPLWV RI IOH[LELOLW\
FRUULGRUVZLOOEHH[SODLQHG1RWRQO\SUHGHWHUPLQHGSHUIRUPDQFHLQGLFDWRUVVXFKDVWKURXJKSXWUDWHRQ
WLPHGHOLYHU\HWFEXWDOVRFRVWLQJDQDO\VLVHPEHGGHGWRUHIOHFWUHDOLW\LQWRWKHVLPXODWLRQZLOOEHFODULILHG
7KLUGO\WKHFRQVLGHUDEOHDQDO\VHVUHODWHGWRSHUIRUPDQFHDYDLODELOLW\IRXQGXVLQJWKUHHGLIIHUHQWPHWKRGV
ZLOOEHGHPRQVWUDWHGLQGHWDLOZLWKDVSHFLILFH[DPSOH/DVWO\7KH6\VWHPDWLF([SHULPHQWDWLRQPRGHO
ZKLFK LQFOXGHV PHDVXUH DQDO\VHV ZLOO EH SURYHG E\ XVLQJ VFHQDULR DQDO\VHV $OVR YDOLGDWLRQ DQG
YHULILFDWLRQRISURSRVHGV\VWHPDFFXUDF\ZLOOEHHQVXUHGZLWKILYHVFHQDULRV
&KDSWHU  RIIHUV WKHPDLQ ILQGLQJV DIWHU FRPSOHWLQJ WKH SUHVHQW UHVHDUFK VWXG\ DQG FRQFOXVLRQV 7KH
VHFRQGSKDVHRI&KDSWHUSURYLGHVSRVVLEOHUHFRPPHQGDWLRQVDQGIXWXUHUHVHDUFK

6 


&KDSWHU
7KHRUHWLFDO%DFNJURXQG
7KLVFKDSWHU LVDLPHG WRVXSSRUWHVVHQWLDONQRZOHGJHDQGSURYLGHDFRPSUHKHQVLYH OLWHUDWXUHUHYLHZRI
WKUHHPDLQ SDUWV RI WKH VWXG\ 7KHVH DUH  WKH LQWUDORJLVWLFV V\VWHP FRQFHSW LQZKLFK WKH FRQFHSW RI
LQWUDORJLVWLFVZLOOEHH[DPLQHGLQGHSWK$IWHUSURYLGLQJEDFNJURXQGLQIRUPDWLRQDERXWWKHLQWUDORJLVWLFV
V\VWHP WKH H[LVWLQJ PDMRU LQWUDORJLVWLFV PHWKRGRORJ\ H[DPSOHV QDPHO\ WKH $XWRPDWHG 6WRUDJH DQG
5HWULHYDO6\VWHP$656DQGWKH$XWRQRPRXV9HKLFOH6WRUDJHDQG5HWULHYDO6\VWHP$9656ZLOOEH
H[SODLQHG7KHQ WKH QHZ LQWUDORJLVWLFV WHFKQRORJ\ FDOOHG WKH&HOOXODU7UDQVSRUW 6\VWHP &76ZLOO EH
LQWURGXFHG  7KH $JHQW %DVHG 6LPXODWLRQ &RQFHSW ZKLFK LQYROYHV JHQHUDO LQIRUPDWLRQ DERXW
VLPXODWLRQDQGPRGHOOLQJLQSDUWLFXODUWKHOLWHUDWXUHDQGVWUXFWXUHRI$JHQW%DVHG6LPXODWLRQ$%6ZLOO
EHH[SODLQHGWRSURYLGHDEHWWHUXQGHUVWDQGLQJRIZK\$%6LVVHOHFWHGDVSDUWRIWKHVWXG\7KHODVW
KHDGLQJ LV UHODWHG WR WKH LQWURGXFWLRQ RI WKH $QWLFLSDWRU\ &KDQJH 3ODQQLQJ FRQFHSW ZKLFK FRQWDLQV
IXQGDPHQWDOGHILQLWLRQVDQGDOLWHUDWXUHUHYLHZZLWKUHJDUGWRSUHYLRXVVWXGLHV
 ,QWUDORJLVWLFV6\VWHP&RQFHSW
7KHUH LVQRGRXEWWKDW LQ WKH WLPHRIJOREDOL]DWLRQFRPSHWLWLRQ LV LQFUHDVLQJZKLOVWERUGHUVDUHJHWWLQJ
VPDOOHU7KLVKDVUHVXOWHGLQDULVHLQFXVWRPHUGHPDQGDQGPRUHDQDO\VLVDERXWKRZLWFDQEHGHDOWZLWK
&RPSDQLHV KDYH SURSRVHG VRPH VROXWLRQV ZKLFK DUH PRVWO\ LQFOXGHG LQ WKH ILHOG RI VXSSO\ FKDLQ
PDQDJHPHQWRUORJLVWLFVPDQDJHPHQWLQRUGHUWRPDQDJHWKLVLPSURYHPHQWDQGWRILQGWKHEHVWSRVVLEOH
FRVW UHGXFWLRQV HVSHFLDOO\ LQ WKH LQWUDORJLVWLFV SURFHVVHV $OWKRXJK WKH LQWUDORJLVWLFV FRVW SHUFHQWDJH
YDULHVIURPDSSOLFDWLRQWRDSSOLFDWLRQLWVFRVWPD\H[SODLQWRRIWKHWRWDOPDQXIDFWXULQJFRVWV
+HUDJX$VDUHVXOWGXHWRWKHIDFWWKDWLQWUDORJLVWLFVLVDFUXFLDOFRVWGULYHUDWDODUJHQXPEHURI
FRPSDQLHVLQWUDORJLVWLFVLVWFRQVLGHUHGWREHDWWKHKHDUWRIWKHRSHUDWLRQDOVXSSO\FKDLQDQGQRWMXVWDQ
µDVVLVWDQW¶WRVXSSO\FKDLQPDQDJHPHQW
2.1.1 Definition and Specifications of Intralogistics Systems 
$OWKRXJKLQUHFHQW\HDUVWKHWHUPLQWUDORJLVWLFVKDVEHFRPHPRUHFRPPRQO\XVHGLWKDVQRWEHHQGHILQHG
VXIILFLHQWO\ LQ OLWHUDWXUH DV \HW  7KH WHUP LQWUDORJLVWLFV LV JHQHUDOO\ XVHG LQ (QJOLVK OLWHUDWXUH DV D
ZDUHKRXVLQJ V\VWHPPDWHULDO KDQGOLQJ V\VWHPRUPDWHULDO IORZV\VWHPZKRVHGHILQLWLRQVZLOO ILUVWO\ LQ
RUGHUWRSURYLGHDEHWWHUXQGHUVWDQGLQJRIWKHWHUPµLQWUDORJLVWLFV¶
Chapter 2 Theoretical Background
7
  


0DWHULDO IORZDQDO\VLV LV D V\VWHPDWLF DVVHVVPHQWRI WKH IORZRIPDWHULDOVZLWKLQ DGHILQHG VSDFH DQG
WLPH%UXQQHUHWDO0DWHULDOKDQGOLQJV\VWHPV LQWHJUDWHGDWDIORZVDQGSK\VLFDOPDWHULDO IORZV
IRUWKHKDQGOLQJDQGVWRUDJHSURFHVV
0DWHULDO KDQGOLQJ LV WKH PRYHPHQW RI PDWHULDOV UDZ PDWHULDOV VFUDS VHPLILQLVKHG DQG ILQLVKHG
SURGXFWVWR WKURXJKDQGIURPWKHSURGXFWLYHSURFHVV LQZDUHKRXVHVDQGVWRUDJHDQGLQUHFHLYLQJDQG
VKLSSLQJ DUHDV )UD]HOOH 7KHPHDQLQJRI WKHPDWHULDOV KDQGOLQJ V\VWHPFDQ EH VLPSOLILHG DV DQ
LQWHJUDWHGV\VWHPZKLFKLQFOXGHVPDLQZDUHKRXVLQJDFWLYLWLHVQDPHO\KDQGOLQJVWRULQJWUDQVSRUWLQJDQG
FRQWUROOLQJRIPDWHULDOV
:DUHKRXVLQJFRQFHUQVPDWHULDO KDQGOLQJDFWLYLWLHV LH WKH UHFHLYLQJRIJRRGV VWRUDJH RUGHUSLFNLQJ
DFFXPXODWLRQVRUWLQJDQGVKLSSLQJ WKDWWDNHSODFHZLWKLQWKHVWRUDJHDUHD UHFHLYLQJDQGVKLSSLQJDUHDV
9DQGHQ%HUJHWDO
µ,QWUDORJLVWLFV¶FDQEHWKRXJKWRIDVDWHUPZKLFKUHSODFHVWKHFRQFHSWRIWKHPDWHULDOIORZV\VWHPRUWKH
PDWHULDOKDQGOLQJV\VWHP+RZHYHULWLVPXFKPRUHWKDQWKDW,WFRXOGEHGHILQHGDV³WKHSDUWRIORJLVWLFV
FRQFHUQHGZLWKZDUHKRXVLQJDQGPRYHPHQWRIUDZPDWHULDOVDQGJRRGVZLWKLQWKHSUHPLVHVRIDIDFWRU\
RU FRPSDQ\ VLWH &H0DW  ,W LV QHFHVVDU\ KHUH WR FODULI\ H[DFWO\ZKDW µLQWUDORJLVWLFV¶PHDQV E\
JLYLQJ$UQROG¶V FRPSUHKHQVLYHGHILQLWLRQ ³LQWUDORJLVWLFV FRPSULVHVRUJDQL]DWLRQ FRQWUROOLQJ H[HFXWLRQ
DQGRSWLPL]DWLRQRIWKHLQKRXVHPDWHULDOIORZLQIRUPDWLRQIORZDVZHOODVKDQGOLQJLQLQGXVWU\DQGWUDGH
FRPSDQLHVDVZHOODVSXEOLFIDFLOLWLHV´$UQROG
2.1.2 Classification of Intralogistics Systems 
,QWUDORJLVWLFV V\VWHPV FDQ EH FDWHJRUL]HG EDVHG RQ SDUWLFXODU IHDWXUHV %DVLFDOO\ WZR W\SHV DUH
GLVWLQJXLVKHG LQ WHUPV RI ZDUHKRXVH IXQFWLRQDOLW\ 'LVWULEXWLRQ:DUHKRXVH DQG 3URGXFWLRQ:DUHKRXVH
5RXZHQKRUVW HW DO  ,Q DGGLWLRQ WR WKH GLVWULEXWLRQ DQG WKH SURGXFWLRQZDUHKRXVH WKH FRQWUDFW
ZDUHKRXVHLVDOVRLQWURGXFHGE\9DQGHQ%HUJDVDWKLUGW\SHRIZDUHKRXVH
7KH'LVWULEXWLRQ:DUHKRXVH 'LVWULEXWLRQ&HQWUH LV DZDUHKRXVH LQZKLFK SURGXFWV IURP GLIIHUHQW
VXSSOLHUVDUHFROOHFWHGDQGVRPHWLPHVDVVHPEOHGIRUGHOLYHU\WRDQXPEHURIFXVWRPHUV9DQGHQ%HUJ
7KHTXDQWLW\RIGLIIHUHQWSURGXFWVLQDGLVWULEXWLRQZDUHKRXVHLVPRVWODUJHDQGWKHPDMRUREMHFWLYH
LV WRREWDLQWKHPD[LPXPWKURXJKSXWUDWHZLWKLQDUHDVRQDEOHWLPH7KHUHIRUH WKLVUHVXOWV LQDFRPSOH[
DQGUHODWLYHO\KLJKSULFHGZDUHKRXVLQJSURFHVV,QUHFHQW\HDUVDW'&VRQHRIWKHSURPLQHQWSUDFWLFHVLV
FURVVGRFNLQJLQZKLFKSURGXFWVDUHUHFHLYHGDWWKHUHFHLYLQJGRFNDQGDUHPRYHGGLUHFWO\WRWKHVKLSSLQJ
GRFNZKHUHWKH\DUHXSORDGHGRQWRRXWERXQGYHKLFOHVIRUGLVWULEXWLRQ:DQJHWDO
7KH3URGXFWLRQ:DUHKRXVHLVXVHGIRUWKHVWRUDJHRIUDZPDWHULDOVVHPLILQLVKHGSURGXFWVDQGILQLVKHG
SURGXFWV LQ D SURGXFWLRQ IDFLOLW\ 9DQ GHQ %HUJ  5DZPDWHULDOV DQG ILQLVKHG SURGXFWV PD\ EH
VWRUHGIRUORQJSHULRGV7KLVW\SHRIZDUHKRXVHRFFXUVZKHQWKHSURFXUHPHQWEDWFKRILQFRPLQJSDUWVLV
PXFKODUJHUWKDQWKHSURGXFWLRQEDWFKRUZKHQWKHSURGXFWLRQEDWFKH[FHHGVWKHFXVWRPHURUGHUTXDQWLW\
RIILQLVKHGSURGXFWV7KHUHIRUHWKHSURPLQHQWGHVLJQFULWHULRQLVWKHVWRUDJHFDSDFLW\5RXZHQKRUVWHWDO

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7KH&RQWUDFW:DUHKRXVHLVDIDFLOLW\WKDWSHUIRUPVWKHZDUHKRXVLQJRSHUDWLRQVRQEHKDOIRIRQHRUPRUH
FXVWRPHUV9DQGHQ%HUJ&RQWUDFWZDUHKRXVLQJLVDQRXWVRXUFLQJVWUDWHJ\WRREWDLQZDUHKRXVLQJ
H[SHUWLVHDQGWKHVHUYLFHVRIDWKLUGSDUW\7KHZDUHKRXVLQJVHUYLFHSURYLGHUVHUYHVDQH[FOXVLYHXVHURYHU
DORQJWHUP'HSHQGLQJRQWKLVFRQWUDFWWKHXVHURZQHUDQGWKHWKLUGSDUW\VHUYLFHSURYLGHUVKDUHWKHULVN
RIFRVW:DQJHWDO
:LWK UHJDUG WR WKH OHYHO RI DXWRPDWLRQ WKH LQWUDORJLVWLFV V\VWHP LV GLVWLQJXLVKHG EHWZHHQ PDQXDO
DXWRPDWHGDQGDXWRPDWLFLQWUDORJLVWLFVV\VWHPVH[SODLQHGEHORZLQGHSWK
0DQXHO,QWUDORJLVWLFV6\VWHPV
0DQXDOV\VWHPVDUHFKDUDFWHUL]HGE\WKHIDFWWKDWWKH\UHTXLUHDKXPDQEHLQJIRUKRUL]RQWDODQGYHUWLFDO
WUDQVSRUW RI D SDOOHW IURP D JLYHQ SRLQW LQ WKHZDUHKRXVH WR DQRWKHU ORFDWLRQ 3DOOHWV DUHPRYHG E\ D
ZRUNHUXVLQJDIRUNOLIWWUXFNWRGRWKHYHUWLFDODQGKRUL]RQWDOWUDQVSRUWLQJ6HJHUOXQGHWDO7KH
PDQXDOV\VWHPLVDFODVVLFLQWUDORJLVWLFVPRGHORISLFNHUWRSDUWZKLFKPHDQVWKDWWKHRUGHUSLFNHUVHLWKHU
ZDONRUGULYHZLWKWKHLUYHKLFOH WR WKHVWRUDJH ORFDWLRQV)RUVWRUDJHUHWULHYDORSHUDWLRQV IRUNOLIW WUXFNV
DQGDYDULHW\RIWUXFNVDUHIUHTXHQWO\XVHGLQWKHPDQXDOV\VWHP3LFNWROLJKWDQG3LFNWRYRLFHV\VWHPV
FRXOGEHDQH[DPSOHRIWKHPDQXDOLQWUDORJLVWLFVV\VWHPV
$XWRPDWHG,QWUDORJLVWLFV6\VWHPV
7KHPDLQFKDUDFWHULVWLFRIWKLVV\VWHPLVWRRSHUDWHDFFRUGLQJWRWKHSDUWVWRSLFNHUSULQFLSOH+HQFHWKH
RUGHUSLFNHUVZRUNDQGZDLWDWDIL[HGZRUNVWDWLRQ6XFKV\VWHPVDUHGHVLJQHGIRUWKHZDUHKRXVHVZKLFK
KDYHKLJKDXWRPDWLRQDQGFDQQRWEHRSHUDWHGPDQXDOO\ LQ HYHU\GD\RSHUDWLRQV7KXV WKH IRUNOLIW WUXFN
DQGGULYHUDUHUHSODFHGE\FRQYH\RUVDQGFUDQHV%HVLGHVWKHIDFWWKDWOHVVPDQSRZHULVUHTXLUHGWKHWZR
PDMRUDGYDQWDJHVRIDXWRPDWHGLQWUDORJLVWLFVV\VWHPVDUHKLJKVSHHGDQGWKHKLJKWKURXJKSXWUDWH,QVSLWH
RIWKLVLQFUHDVHLQSHUIRUPDQFHDQGYHUWLFDOVSDFHXWLOL]DWLRQWKHVHV\VWHPVUHVXOWHGLQUHGXFHGIOH[LELOLW\
DQGKLJKPDLQWHQDQFHDQGLQVWDOODWLRQFRVWV6HJHUOXQGHWDO+RUL]RQWDORUYHUWLFDOFDURXVHOVWKH
DXWRPDWHGVWRUDJHUHWULHYDOV\VWHP$656DQGSDOOHWUDFNLQJZLWKDXWRPDWHGUHSOHQLVKPHQWIDOOLQWRWKLV
LQWUDORJLVWLFVFDWHJRU\
$XWRPDWLF,QWUDORJLVWLFV6\VWHPV
$XWRPDWLRQWKHWKLUGDOWHUQDWLYHIXUWKHULQFUHDVHVSLFNLQJSHUIRUPDQFHE\LQFRUSRUDWLQJDXWRPDWLFRUGHU
SLFNHUVVXFKDVGLVSHQVHUVRURUGHUSLFNLQJURERWV$XWRPDWLFRUGHUSLFNLQJV\VWHPVSHUIRUPKLJKVSHHG
SLFNLQJRIVPDOORUPHGLXPVL]HGQRQIUDJLOHLWHPVRIXQLIRUPVL]HDQGVKDSHHJSKDUPDFHXWLFDOV,I
WKH RUGHU SLFNHU RI DQ DXWRPDWHG LQWUDORJLVWLFV V\VWHP LV UHSODFHG E\ D URERW WKHQ DQ DXWRPDWLF
LQWUDORJLVWLFV V\VWHP LV REWDLQHG $Q $IUDPH DXWRPDWLF GLVSHQVHU PDFKLQH LV DQRWKHU DXWRPDWLF
LQWUDORJLVWLFVV\VWHPZLWKRXWRUGHUSLFNHUV9DQGHQ%HUJ
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)LJXUH &ODVVLILFDWLRQRI,QWUDORJLVWLFV6\VWHPVLQWHUPVRIRUGHUSLFNLQJPHWKRGVEDVHGRQ'H
.RVWHU
7KHUHLVDSDUWLFXODUFDVHLQWKHDERYHFDWHJRU\VKRZQLQ)LJXUHWKHLQWUDORJLVWLFVV\VWHPZLWKPXOWL
VKXWWOHVWRUDJH7KLVLQWUDORJLVWLFVPHWKRGRORJ\LVLQYROYHGLQPDQXDOLQWUDORJLVWLFVORJLF\HWVRPHSDUWRI
WKHSDOOHWRUELQWUDQVSRUWLVH[HFXWHGE\DPDFKLQH,QVKXWWOHV\VWHPVWKHELQVDUHWUDQVSRUWHGLQWRWKH
GHSWKRIHDFKDLVOHWKURXJKDVKXWWOHPDFKLQH7KLVV\VWHPLVWKHUHIRUHDILUVWWKRXJKYHU\VPDOOVWHSLQWR
WKHDXWRPDWLFLQWUDORJLVWLFVFDWHJRU\
2.1.3 Main Activities of the Intralogistics System 
7KHIORZRISURGXFWVWKURXJKWKHLQWUDORJLVWLFVLVGLYLGHGLQWRVHYHUDOGLVWLQFWSKDVHVRUSURFHVVHV$WWKLV
SRLQW 9DQ GHQ %HUJ  VXEGLYLGHV WKH DFWLYLWLHV LQ D ZDUHKRXVH LQWR IRXU FDWHJRULHV UHFHLYLQJ
VWRUDJH RUGHUSLFNLQJDQG VKLSSLQJ +RZHYHU'H.RVWHU HWDO  VWDWH WKDW WKHPDLQZDUHKRXVH
DFWLYLWLHVLQFOXGHUHFHLYLQJWUDQVIHUDQGSXWDZD\RUGHUSLFNLQJVHOHFWLRQDFFXPXODWLRQVRUWDWLRQFURVV
GRFNLQJDQGVKLSSLQJ,QRUGHUWRJDLQDEHWWHUXQGHUVWDQGLQJDERXWWKHPDLQDFWLYLWLHVRIWKHZDUHKRXVH
WKHFRPSUHKHQVLYHH[SODQDWLRQVIRUHDFKRQHDUHSURYLGHGEHORZ
7KH5HFHLYLQJ3URFHVV
7KHUHFHLYLQJSURFHVVFRQVLVWVRIXQORDGLQJ WKH WUXFNV UHFRUGLQJDQGYHULI\LQJWKHTXDQWLW\RISURGXFWV
DQGTXDOLW\FRQWUROWRHVWDEOLVKZKHWKHURUQRWWKHUHLVDQ\DPRXQWRUTXDOLW\LQFRPSDWLELOLW\'HOLYHUHG
ORDGVE\WUDQVSRUWFDUULHUVDUHHQFRXQWHUHGILUVWO\LQWKHUHFHLYLQJDUHDDQGWKHQWKHSURGXFWVDUHFKHFNHG
DQGWUDQVSRUWHGRUKHOGLQWKHEXIIHUDUHDDZDLWLQJWKHQH[WSURFHVV
7KH6WRUDJH3URFHVV
6XEVHTXHQWO\ WKH SURGXFWV DUH PDGH UHDG\ IRU LQVWDQFH E\ ODEHOOLQJ RU DWWDFKLQJ D EDUFRGH IRU
WUDQVSRUWDWLRQWR WKHVWRUDJHDUHD5RXZHQKRUVWHWDOGHILQH WKHVWRUDJHDUHDE\GLVWLQJXLVKLQJ LW
LQWRWZRSDUWVWKHUHVHUYHDUHDZKHUHSURGXFWVDUHVWRUHGLQWKHPRVWHFRQRPLFDOZD\EXONVWRUDJHDUHD
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DQGWKHIRUZDUGDUHDZKHUHSURGXFWVDUHVWRUHGIRUHDV\UHWULHYDOE\DQRUGHUSLFNHU,QWKHIRUZDUGDUHD
SURGXFWVDUHVWRUHGLQVPDOOHUDPRXQWVLQIRUH[DPSOHELQVWRWHVRUVKHOYHVLQRUGHUIRUWKHPWREHHDVLO\
SLFNHGZKLOHWKHUHVHUYHDUHDFRQVLVWVRISDOOHWV
7KH5HSOHQLVKPHQW3URFHVV7UDQVIHUDQG3XWDZD\
7KHUHSOHQLVKPHQWSURFHVVFDQEHGHILQHGDVWKHTXLFNWUDQVSRUWDWLRQRISURGXFWVIURPWKHUHVHUYHVWRUDJH
WRWKHIRUZDUGVWRUDJH7KHDUULYLQJORDGVDUHRIWHQGHOLYHUHGRQSDOOHWVWKHQWKHORDGVDUHUHSDFNDJHGHJ
IXOOSDOOHWVDUHUHGLVWULEXWHGWRVPDOOELQV7KHVHSURGXFWVDUHWKHQFDUULHGIURPWKHUHSOHQLVKPHQWDUHDWR
DVSHFLILFORFDWLRQLQWKHVWRUDJH]RQH
7KH2UGHU3LFNLQJ3URFHVV
2UGHUSLFNLQJVHOHFWLRQLVWKHPRVWLPSRUWDQWDFWLYLW\LQPRVWZDUHKRXVHV'H.RVWHUHWDO2UGHU
SLFNLQJ UHIHUV WR WKH UHWULHYDO SURFHVV ZKLFK PHDQV REWDLQLQJ WKH FRUUHFW DPRXQWV RI WKH SURGXFWV DV
UHTXHVWHGE\WKHFXVWRPHU,WLVH[HFXWHGPDQXDOO\RULVDXWRPDWHGRUFDUULHGRXWE\DXWRQRPRXVYHKLFOHV
,Q WKH ]RQH SLFNLQJ DSSURDFK SURGXFWV DUH FROOHFWHG LQ D UDQGRP ZD\ 7KHUHIRUH WKHVH SURGXFWV DUH
WUDQVIHUUHGWRWKHVRUWLQJSURFHVVLQRUGHUWRFODVVLI\RUGHUVDFFRUGLQJWRWKHSURGXFWW\SHDQGDPRXQW
5HVHDUFKLQWKH8QLWHG.LQJGRPIRXQGRXWWKDWRUGHUSLFNLQJLVWKHPRVWFRVWO\DFWLYLW\DPRQJWKHPDLQ
DFWLYLWLHVRIZDUHKRXVHV0RUHWKDQRIDOORSHUDWLQJFRVWVLQDW\SLFDOZDUHKRXVHFDQEHDWWULEXWHGWR
WKHRUGHUSLFNLQJSURFHVV'UXU\
7KH$FFXPXODWLRQDQG6RUWDWLRQ3URFHVV
:KHQDQRUGHU LQFOXGHVPXOWLSOHSURGXFW LWHPV WKHVH LWHPVPXVWEHDFFXPXODWHG:KLOH WKHRUGHUVDUH
DFFXPXODWHGLQDZDUHKRXVHWKHSURGXFWVDUULYHWRWKHVKLSPHQWDUHDLQDPL[HGZD\ZLWKWKHSURGXFWVRI
RWKHURUGHUV%HIRUHGHOLYHULQJWRWKHFXVWRPHUVWKHRUGHUVKDYHWREHVRUWHGLQRWKHUZRUGVWKHSURGXFWV
WKDWEHORQJWRWKHVDPHRUGHUKDYHWREHSXWWRJHWKHU$FFXPXODWLRQDQGVRUWLQJPD\HLWKHUEHSHUIRUPHG
GXULQJ RU DIWHU WKH RUGHUSLFNLQJ SURFHVV 9DQ GHQ %HUJ  7KHVH WZR SURFHVVHV DUH FDOOHG WKH
DFFXPXODWLRQVRUWDWLRQSURFHVV
7KH6KLSSLQJ3URFHVV
$IWHUVRUWDWLRQEDVHGRQFXVWRPHUUHTXLUHPHQWVDW WKHVKLSSLQJDUHDRUGHUVDUHSDFNHGDFFXPXODWHGRQ
PRVWO\DSDOOHWDQGXOWLPDWHO\ORDGHGRQWRWUDQVSRUWFDUULHUVLHWUXFNVWUDLQV
7KH&URVV'RFNLQJ3URFHVV
3URGXFWVZKLFKGRQRWUHTXLUHRUGHUSLFNLQJRUORQJVWD\VLQWKHZDUHKRXVHDUHWUDQVSRUWHGGLUHFWO\WRWKH
VKLSSLQJDUHD7KLVSURFHVVLVFDOOHGWKHFURVVGRFNLQJSURFHVV)LJXUHEHORZVKRZVWKHFKDUDFWHULVWLF
IXQFWLRQDODUHDVDQGIORZVZLWKLQZDUHKRXVHV

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
)LJXUH7\SLFDOZDUHKRXVHIXQFWLRQVDQGIORZV7RPSNLQVHWDO
2.1.4 Major Intralogistics Systems 
 $XWRPDWHG6WRUDJHDQG5HWULHYDO6\VWHPV$656
$656VKDYHEHHQZLGHO\XVHGLQWKHGLVWULEXWLRQDQGSURGXFWLRQHQYLURQPHQWVLQFHWKHLULQWURGXFWLRQLQ
WKHV%HWZHHQDQGWKHUHKDVEHHQDVLJQLILFDQWLQFUHDVHLQWKHQXPEHURI$656VXVHGLQ
WKH GLVWULEXWLRQ HQYLURQPHQW DFFRUGLQJ WR WKH  $XWRPDWHG 6WRUDJH DQG 5HWULHYDO 6\VWHPV 3URGXFWLRQ
6HFWLRQRIWKH0DWHULDO+DQGOLQJ,QGXVWU\RI$PHULFDLQ5RRGEHUJHQHWDO

$656LVPRVWO\XVHGLQGLVWULEXWLRQFHQWUHVDQGSURGXFWLRQHQYLURQPHQWVLQRUGHUWRSXWUDZPDWHULDOVRU
VHPLILQLVKHGSURGXFWVLQVWRUDJHUDFNVDQGWRSLFNSURGXFWVUHTXHVWHGE\WKHFXVWRPHUIURPVWRUDJHWR
FRPSOHWHDQRUGHU$656LVIXOO\DXWRPDWHGLQRWKHUZRUGVLWFDQVWRUHRUUHWULHYHSURGXFWVZLWKRXWWKH
KHOSRIDZRUNHU7KHVHV\VWHPVKDYHFHUWDLQDGYDQWDJHVRYHUPDQXDOLQWUDORJLVWLFVV\VWHPVLHSURYLGLQJ
IDVW DFFXUDWH DQG HIIHFWLYH KDQGOLQJ RI SURGXFWV DOO GD\ ORQJ VDYLQJ LQ ODERXU FRVWV DQG VSDFH DQG
UHVXOWLQJLQKLJKUHOLDELOLW\ZLWKORZIDLOXUHUDWHV+RZHYHUKLJKLQVWDOODWLRQDQGPDLQWHQDQFHFRVWVDQG
OHVVIOH[LELOLW\GXHWRKXJHVWRUDJHUDFNVDQGFUDQHVFDQEHJLYHQDVH[DPSOHVRIREYLRXVGLVDGYDQWDJHV,Q
LWV PRVW EDVLF IRUP DQ $656 XVXDOO\ FRQVLVWV RI VWRUDJH UDFNV ZKLFK DUH VHUYHG E\ FUDQHV UXQQLQJ
WKURXJK DLVOHV EHWZHHQ WZR UDFNV ZKHUH SURGXFWV DUH VWRUHG DQG UHWULHYHG DXWRPDWLFDOO\ )LJXUH 
UHSUHVHQWVDQ$656DQGLWVFRPSRQHQWV
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
)LJXUH$656DQGLWVFRPSRQHQWV
 $XWRQRPRXV9HKLFOH6WRUDJHDQG5HWULHYDO6\VWHPV$9656
$9656 LV D FRPSDUDWLYHO\ QRYHO LQWUDORJLVWLFV PHWKRGRORJ\ IRU DXWRPDWHG KDQGOLQJ ZKLFK KDV EHHQ
LPSOHPHQWHGDWVFRUHVRIIDFLOLWLHVSULPDULO\LQ(XURSH0DOPERUJ)XUWKHUPRUHWKLVLQWUDORJLVWLFV
V\VWHPKDVEHHQFDUULHGRXWLQD)UHQFKGLVWULEXWLRQFHQWUH
$9656LVZLWKLQ(NUHQ¶VDQG+HUDJX¶VDUHDRILQWHUHVWDQGKDVKHOSHGLQWUDORJLVWLFVV\VWHPVE\XVLQJ
DXWRQRPRXVYHKLFOHVZKLFK WUDQVSRUWSURGXFWVQRWRQO\ZLWKLQWKHVDPHDLVOHEXWDOVRIURPRQH WLHU WR
DQRWKHU XVLQJ OLIWV (NUHQ HW DO  ,Q RWKHUZRUGV DXWRQRPRXV YHKLFOHV WUDYHO KRUL]RQWDOO\ RYHU
UDLOV WKURXJK DLVOHV DQG YHUWLFDOO\ E\ XWLOL]LQJ DQ HOHYDWRU ,Q DGGLWLRQ WKH PDLQ DGYDQWDJH RI WKLV
PHWKRGRORJ\LVWKDWDXWRQRPRXVYHKLFOHVDUHFDSDEOHRIWUDYHOOLQJWRRWKHUDLVOHVLIQHFHVVDU\7KXVWKH\
GRQRWKDYHWREHERXQGWRDVSHFLILFDLVOH
*DJOLDUGLHWDOVDLGWKDWDQ$9656VWXG\ZKLFKZDVFDUULHGRXWLQD)UHQFKGLVWULEXWLRQFHQWUH
ZDVEDVHGRQVWULFWDVVXPSWLRQVIRULQVWDQFHWKH$SSOLFDWLRQRI3XUH5DQGRP6WRUDJH356DVVLJQPHQW
SROLF\FRPSOHWLQJRUGHUVDFFRUGLQJWRWKH)LUVW&RPH)LUVW6HUYHG)&)6UXOHDQGSUDFWLVLQJWKHGZHOO
SRLQWSROLF\ZKLFKPHDQVWKDWDXWRQRPRXVYHKLFOHVUHPDLQLQSODFHDIWHUFRPSOHWLRQRIHDFKWUDQVDFWLRQ
)LJXUHVKRZVDQ$9656DQGLWVFRPSRQHQWV7KHV\VWHPLVFRPSRVHGRIDXWRQRPRXVYHKLFOHVOLIWV
FRQYH\RUVDQGVWRUDJHUDFNV$9656XWLOLVHVDUDLOV\VWHPSHUIRUPLQJLQRUWKRJRQDOGLUHFWLRQVZLWKLQWKH
KLJKULVHKLJKGHQVLW\VWRUDJHDUHD7KHVWRUDJHDUHDLVGLYLGHGLQWRPXOWLSOHWLHUVDQGHDFKWLHUKDVWKHUDLO
V\VWHP(NUHQHWDO
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
)LJXUH$9656DQGLWVFRPSRQHQWV0DUFKHWHWDO
2.1.5 Proposed Intralogistics Systems: the Cellular Transport System   
7RGD\ UDSLGO\FKDQJLQJFXVWRPHUGHPDQGVVPDOORQOLQHRUGHUTXDQWLWLHV WLJKWGHOLYHU\VFKHGXOHVZLWK
KLJK FXVWRPHU VHUYLFH OHYHO UHTXLUHPHQWV DQG KLJK FRPSHWLWLRQ PDNH LW LQFUHDVLQJO\ GLIILFXOW IRU
FRPSDQLHV WR PDLQWDLQ D JRRG SHUIRUPDQFH E\ XVLQJ H[LVWLQJ LQWUDORJLVWLFV WHFKQLTXHV  (YHQ ZHOO
VWUXFWXUHGLQWUDORJLVWLFVV\VWHPVGRQRWPHHW WKHKXJHFKDOOHQJHRIFKDQJLQJDQGDGDSWLQJUHTXLUHPHQWV
ZKLFKDULVHIURPFRPSHWLWLYHQHVVDQGG\QDPLFVLQJOREDOPDUNHWVQRUDUHWKH\VLPXOWDQHRXVO\FDSDEOHRI
HQKDQFLQJWKHOHYHORIIOH[LELOLW\DQGFKDQJHDELOLW\DVZHOODVOHYHOVRIDXWRPDWLRQ
7KH UHDVRQ ZK\ LQWUDORJLVWLFV V\VWHPV SOD\ DQ HYHUPRUH LPSRUWDQW UROH LQ FRPSDQLHV  LQFOXGHVPDQ\
FUXFLDORSHUDWLRQDOSRLQWVVXFKDVRQWLPHGHOLYHU\RIRUGHUHGJRRGVVHUYLFHDQGJRRGTXDOLW\LQWKHULJKW
TXDQWLW\ZLWK WKHULJKWVHTXHQFHDQGFRPSOHWLQJRUGHUVE\XVLQJ WKHULJKWPHWKRG LQWKHULJKWSRVLWLRQ
7KHUHIRUH WKH DOWHUQDWLYH LQWUDORJLVWLFV PHWKRGRORJ\ VKRXOG EH DSSURSULDWH IRU WKH YDOXH DGGHG FKDLQ
FRQFHSWRIFRPSDQLHVKDYHHQRXJKIOH[LELOLW\WRDGDSWWRPDUNHWVROXWLRQVDQGEHVWURQJO\DJLOHLQRUGHU
WR RYHUFRPH WKH ODWH RU QR GHOLYHU\ ULVN$W WKLV SRLQW WKH&HOOXODU7UDQVSRUW 6\VWHP &76 KDV EHHQ
GHYHORSHG DV DQ DOWHUQDWLYH LQWUDORJLVWLFV V\VWHP E\ WKH )UDXQKRIHU ,QVWLWXWH IRU 0DWHULDO )ORZ DQG
/RJLVWLFV
,QWKHSURFHHGLQJSDUWVDOWHUQDWLYHDXWRQRPRXVV\VWHPVDUHEURDGO\H[SODLQHGDQGWKHPDLQORJLFEHKLQG
WKHDXWRQRPRXVYHKLFOHVFDOOHGWKHµ,QWHUQHWRI7KLQJV¶LVLQWURGXFHGFRPSUHKHQVLYHO\LQRUGHUWRVHWXSD
VWURQJEDFNJURXQGIRUWKHFRQFHSWRIWKH&HOOXODU7UDQVSRUW6\VWHP&76 
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
 ,QWURGXFWLRQRI$XWRQRPRXV9HKLFOHV
6KRUWSURGXFWLRQF\FOHVDQGMXVWLQWLPHLQYHQWRU\PDQDJHPHQWUHTXLUHIOH[LEOHLQWUDORJLVWLFVV\VWHPVLQ
WHUPVRIPDWHULDOIORZZLWKWKHXVDJHRIVPDOODXWRQRPRXVWUDQVSRUWYHKLFOHVZKLFKSHUIRUPDVDVZDUP
RIPRELOHURERWV5|KULJHWDO8SWRWKHSUHVHQWVHYHUDODXWRQRPRXVYHKLFOHDSSOLFDWLRQVKDYH
EHHQLPSOHPHQWHGLQWKHSUDFWLFDOLQWUDORJLVWLFVHQYLURQPHQW6XEVHTXHQWO\WKHPRVWSRSXODUDSSOLFDWLRQV
E\JURXSVRIDXWRQRPRXVYHKLFOHVDUHH[SODLQHGLQGHSWKDVIROORZV
7KH.,9$0RELOH)XOILOPHQW6\VWHP
7KH.,9$V\VWHPLQFOXGHVKXQGUHGVRIDXWRQRPRXVPRELOHURERWVZKLFKDUHDEOHWROLIWDQGFDUU\VWRUDJH
EORFNV LQ D ZDUHKRXVH 7KH ODUJHVW LQVWDOODWLRQ DW WKH PRPHQW FRQVLVWV RI ILYH KXQGUHG .,9$ URERWV
KDQGOLQJVSURGXFWVLQWKH67$3/(686$&RPSDQ\:XUPDQHWDO
,QH[LVWLQJVWRUDJHFRQFHSWVSURGXFWVDUH VWRUHG LQD VSHFLILF IL[HG ORFDWLRQRI VWRUDJH UDFNV+RZHYHU
ZLWK.,9$LQYHQWRU\LVQRWERXQGWRSK\VLFDOORFDWLRQFRQVWUDLQWV$VDUHVXOWRIWKHIDFWWKDWSURGXFWVLQ
PRYDEOH VWRUDJH UDFNV FDQ EH GHOLYHUHG WR DQ\ RSHUDWRU WKH.,9$0RELOH5RERWLF )XOILOPHQW 6\VWHP
SURYLGHV H[WUHPHO\ IDVW F\FOH WLPHV ZLWK UHGXFHG ODERXU UHTXLUHPHQWV IURP UHFHLYLQJ WR SLFNLQJ DQG
VKLSSLQJ 7KH PD[LPXP VSHHG LV OLPLWHG WR  PVF 7KH IRFXV RI WKH .,9$ SURMHFW LV RQ WKH
GHYHORSPHQWRIDFHQWUDOL]HGPXOWLDJHQWV\VWHPWKDWFRQWUROVWKHURERWV.DPDJDHZHWDO



 


D       E
)LJXUHD$.LYDZDUHKRXVHLPSOHPHQWDWLRQ)OLSVHE$.LYDURERW)OLSVH
7KH.$5,6.OHLQVNDOLJHV6PDOOVFDOH$XWRQRPHV5HGXQGDQWHV,QWUDORJLVWLFV6\VWHP
7KH.$5,6V\VWHPZDVGHYHORSHGDWWKH.DUOVUXKH,QVWLWXWHRI7HFKQRORJ\LQRUGHUWRFUHDWHDIOH[LEOH
LQWUDORJLVWLFVV\VWHPXVLQJDQDXWRQRPRXVYHKLFOHZLWKUROOHUFRQYH\RUPRXQWHGRQ WRS7KHVHYHKLFOHV
DUHFDSDEOHRIDGDSWLQJWKHPVHOYHVWRPHHWFRQWLQXRXVO\FKDQJLQJUHTXLUHPHQWVLHIRUPLQJDFRPSRXQG
WR WUDQVSRUWELJSDOOHW ORDGV RU IRUPLQJD FRQYHQWLRQDO FRQYH\RUEHOW WR WUDQVIHUSURGXFWVRYHU D UROOHU
FRQYH\RUORFDWHGRYHUHDFKYHKLFOH.DPDJDHZHWDO7KLVSURMHFWDLPVDWJHQHUDWLQJDUHODWLYHO\
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
ORZFRVWWUDQVSRUWDWLRQSODWIRUPLQVWHDGRIDORQJV\VWHPRIFRQYH\RUEHOWVDQGDORZIORZRISURGXFWV
EDVHGRQJRDOV

)LJXUH7KH.$5,6ZDUHKRXVHLPSOHPHQWDWLRQ.DUOVUXKH,QVWLWXWHRI7HFKQRORJ\.,7
$'$070$XWRQRPRXV'HOLYHU\DQG0DQLSXODWLRQ
7KH$'$070V\VWHPZDVLQWURGXFHGE\WKH507(5RERWLFV&RPSDQ\WRWKHDXWRQRPRXVPRELOHURERW
PDUNHW LQ ,W LVEDVHGRQ$XWRPDWHG*XLGHG9HKLFOHORJLF\HW LWXVHV WKHRSHQSDWKQDYLJDWLRQDV
RSSRVHG WR VWHHULQJ XVLQJ D UDLOV SDWK $'$070 LV SURMHFWHG IRU DQ\ LQWUDORJLVWLFV DSSOLFDWLRQ WKDW
GHPDQGVWUDQVSRUWDWLRQRISURGXFWVLQXQSODQQHGVLWXDWLRQVDQGDLPVWRPD[LPL]HRSHUDWLRQDOHIILFLHQF\
E\ URERWLFDOO\ WUDQVSRUWLQJ $OWKRXJK WKH  $'$070 FRQFHSW LV QRW DEOH WR RIIHU D FRPSOHWH VROXWLRQ
LQFOXGLQJ D PDWHULDO KDQGOLQJ GHYLFH .DPDJDHZ HW DO  LQ UHFHQW \HDUV LWV FRPSDFW VL]H
FRQWUROODEOH VSHHGDQGG\QDPLFPRYHPHQW IHDWXUHVPDNH LW DQ H[HPSODU IRU WKH FRPSDQ\ WKDW UHTXLUHV
VSRQWDQHRXVFKDQJHV
 





D        E
)LJXUHD$Q$'$070ZDUHKRXVHLPSOHPHQWDWLRQE$Q$'$07+URERW507URERWLFV
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
7KH0XOWL6KXWWOH0RYH060
7KH0XOWL 6KXWWOH0RYH LV DQ LQWHJUDWLRQ RI WKH VWDQGDUG VKXWWOHVSULQFLSOH DQG DQ$XWRPDWHG*XLGHG
9HKLFOH $*9SULQFLSOHDQGKDVEHHQ LPSOHPHQWHGE\VFLHQWLVWV IURP*HUPDQ\¶V)UDXQKRIHU ,QVWLWXWH
IRU0DWHULDO)ORZDQG/RJLVWLFVLQDQDWWHPSWWRFUHDWHDQRYHODQGHIIHFWLYHNLQGRILQWUDORJLVWLFVV\VWHP
7KH0XOWL6KXWWOH0RYHLVQRWRQO\FDSDEOHRIPRYLQJRQWKHUDLOZKLFKLVPRXQWHGLQWKHVWRUDJHUDFN
EXWDOVRLWLVDEOHWROHDYHWKHVWRUDJHUDFNDQGWRZRUNDVDQ$*9E\XVLQJRSHQSDWKQDYLJDWLRQ
7KH060SURYLGHVYDULRXVGULYHRSWLRQVDQGKDVDPD[LPXPVSHHGRIPVRQWKHIORRUDQGPVLQ
WKHUDLOJXLGHGUDFNLQJV\VWHPZKLFKLVORFDWHGEHWZHHQWZRVWRUDJHEORFNVWKHKLJKHUYHORFLW\LQWKHUDLO
LVREWDLQHGE\DJHDU7KHDFFHOHUDWLRQOLPLWLVDPD[LPXPRIPVF.DPDJDHZHWDO
7KHQRYHO060V\VWHPSURYLGHVFHUWDLQFKDUDFWHULVWLFDGYDQWDJHVFRPSDUHGWRFRQYHQWLRQDOWHFKQRORJLHV
DVIROORZV
 1RQHFHVVLW\RIKXJHLQVWDOODWLRQFRVWDQGWLPH
 'LUHFWWUDQVSRUWDWLRQIURPWKHGHVWLQDWLRQSRLQWWRWKHDUULYDOSRLQWHJ LQWKHGLVWULEXWLRQFHQWUH
IURPWKHVWRUDJH]RQHWRWKHZRUNVWDWLRQ]RQHZLWKRXWDQ\WUDQVIHUSURFHVV
 )OH[LEOHDGDSWDWLRQE\LQFUHDVLQJDQGGHFUHDVLQJWKHQXPEHURIYHKLFOHVLQWKHFDVHRIIOXFWXDWLQJ
WUDQVKLSPHQWGHPDQG
 &DSDEOHRIWUDQVSRUWLQJRQDQLQDGHTXDWHOD\RXWRUFRQVWUXFWLRQ






D         E
)LJXUHD$WULDOKDOORIWKH&HOOXODU7UDQVSRUW6\VWHP)UDXQKRIHU,0/E$0XOWL6KXWWOH0RYH
 7KH,QWHUQHWRI7KLQJV
7KHµ,QWHUQHWRI7KLQJV¶ZDVOH[LFDOL]HGE\.HYLQ$VKWRQKHH[SODLQVWKDW,FRXOGEHZURQJEXW,
P
IDLUO\ VXUH WKHSKUDVH µ,QWHUQHWRI7KLQJV¶ VWDUWHG OLIH DV WKH WLWOHRI DSUHVHQWDWLRQ ,PDGHDW3URFWHU	
*DPEOH 3	* LQ/LQNLQJ WKHQHZ LGHDRI WKH5DGLR)UHTXHQF\ ,GHQWLILFDWLRQ'HYLFH 5),' LQ
3	*
V VXSSO\ FKDLQ WR WKH WKHQUHGKRW WRSLF RI WKH ,QWHUQHW ZDV PRUH WKDQ MXVW D JRRG ZD\ WR JHW
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H[HFXWLYHDWWHQWLRQ,WVXPPHGXSDQLPSRUWDQWLQVLJKWZKLFKLVVWLOORIWHQPLVXQGHUVWRRG.HYLQ
0LRUDQGLHWDOKRZHYHUSURSRVHVDQH[SODQDWRU\PHDQLQJDVDQXPEUHOODNH\ZRUGIRUFRYHULQJ
YDULRXVDVSHFWVUHODWHGWRWKHH[WHQVLRQRIWKH,QWHUQHWDQGWKH:HELQWRWKHSK\VLFDOUHDOPE\PHDQVRI
WKHZLGHVSUHDGGHSOR\PHQWRIVSDWLDOO\GLVWULEXWHGGHYLFHVZLWKHPEHGGHGLGHQWLILFDWLRQVHQVLQJDQGRU
DFWXDWLRQFDSDELOLWLHV
7KHFRQFHSWRIWKH,QWHUQHWRI7KLQJVZKLFKKDVDYLVLRQRIFUHDWLQJDOLQNEHWZHHQGLJLWDODQGSK\VLFDO
HQWLWLHVWKURXJKHIILFLHQWLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJLHVHQDEOHVDQHZFODVVRIDSSOLFDWLRQV
DQGVHUYLFHV)RULQVWDQFH5),'WHFKQRORJ\RQHRIWKHWHFKQRORJLFDOPDLQVWD\VRIWKH,QWHUQHWRI7KLQJV
DOORZVRULJLQDO VROXWLRQV IRU LQWUDORJLVWLFV V\VWHPV+HQFH LW LV SRVVLEOH WR FKDQJHFRQYHQWLRQDO FHQWUDO
PDWHULDO IORZ V\VWHPV E\ D GHFHQWUDO PDWHULDO FRQWURO V\VWHP 'HFHQWUDOL]HG LQWUDORJLVWLFV V\VWHPV E\
PHDQVRI,QWHUQHWRI7KLQJVORJLFLVGHVFULEHGLQWKHIROORZLQJ)LJXUH
,Q WKH ULJKW VLGH RI WKH ILJXUH H[LVWLQJ FHQWUDOL]HG PDWHULDO IORZ PHWKRGRORJ\ LV GHSLFWHG 7HFKQLFDO
HTXLSPHQW VXFK DV FRQYH\RUV DQG SURGXFWV DUH ORFDWHG DW WKH ERWWRP RI WKLV FRQWURO S\UDPLG 7KHQ D
SURJUDPPDEOH ORJLFFRQWUROOHU 3/& LVVLWXDWHG LQ WKHPLGGOHZKLOH WKHFRQWURORIFHQWUDOL]HGPDWHULDO
IORZ WDNHV SDUW DW WKH WRS :KHUHDV WKLV KLHUDUFKLFDO VWUXFWXUH SRVVHVVHV D ODUJH ERWWRP ZLWK PXFK
WHFKQLFDOHTXLSPHQW WKHWRSRI WKHVWUXFWXUHFRQWDLQVRQHRUD IHZFRQWUROVRIFHQWUDOL]HGV\VWHPV7KH
IXQGDPHQWDOSULQFLSDORI WKH ,QWHUQHWRI7KLQJV LV WRXVH WKH VPDOOHU VHOIDXWRQRPRXVFRQWUROXQLWVDVD
VXEVWLWXWHIRUDFHQWUDOL]HGVWUXFWXUH7KHVHXQLWVDUHLQWKHOHIWVLGHRIWKHILJXUHUHSUHVHQWHGDVORJLVWLFDO
REMHFWVLHFRQYH\RUV5),'UHDGHUVDQGDOOOD\HUVDUHLGHQWLILHGLQDKLHUDUFKLFDOVWUXFWXUH)RULQVWDQFH
WKH WUDQVSRUWHG SURGXFWV FDQ ILQG WKHLU ZD\ WKURXJK WKH V\VWHP LQGHSHQGHQWO\ E\ FRPPXQLFDWLQJ DQG
QHJRWLDWLQJZLWKRWKHUPDWHULDOKDQGOLQJXQLWVGXULQJDOOSHULRGRIKDQGOLQJ1HWWVWUlWHUHWDO
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)LJXUH7KH+LHUDUFKLFDO0DWHULDO)ORZV\VWHPDQGWKH,QWHUQHWRI7KLQJV*QWKQHUHWDO
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 'HILQLWLRQDQG6SHFLILFDWLRQVRI&76
,Q UHFHQW \HDUV UHVHDUFK DFWLYLWLHV LQ GHFHQWUDOL]HG FRQWURO V\VWHPV E\PHDQV RI WKH ,QWHUQHW RI7KLQJV
DUFKLWHFWXUHLQLQWUDORJLVWLFVV\VWHPVKDYHEHHQJURZLQJ*QWKQHUHWDO7KH&HOOXODU7UDQVSRUW
6\VWHP&76LVDFFHSWHGDVDQH[DPSOHRIDGHFHQWUDOL]HGLQWUDORJLVWLFVV\VWHPDVZHOOLQWKHYLVLRQIRU
WKHµ,QWHUQHWRI7KLQJV¶LQORJLVWLFV
$FFRUGLQJ WR D FRPSUHKHQVLYH GHILQLWLRQ SURYLGHG E\ WHQ +RPSHO HW DO  ³&HOOXODU 7UDQVSRUW
6\VWHPVDUHEDVHGRQPDWHULDOKDQGOLQJHQWLWLHV7KHVHHQWLWLHVFRXOGEHDXWRQRPRXVWUDQVSRUWYHKLFOHVRU
DXWRQRPRXVFRQYH\LQJPRGXOHV7KHFRQWURODQGWKHFRPPXQLFDWLRQEHWZHHQWKHVHDXWRQRPRXVHQWLWLHV
DUHH[HFXWHGE\6RIWZDUH$JHQWV&HOOXODU7UDQVSRUW6\VWHPVDUHIOH[LEOHLQWKHLUWRSRORJ\IRUWKLVUHDVRQ
WKH\ DUH DEOH WR DGDSW WR HQYLURQPHQWDO FKDQJHV )LQDOO\ WKLV HQVXUHV WKH RYHUDOO WUDQVSRUW V\VWHPV¶
SHUIRUPDQFHGXHWKHLQWHUDFWLRQEHWZHHQWKHPDWHULDOKDQGOLQJHQWLWLHV´
7KHPDLQSULQFLSOHEHKLQGWKH&76FRQFHSWLVWKDWGHFLVLRQVDUHPDGHE\WKHVHOIJRYHUQLQJXQLWVZKLFK
GHSHQGRQVRPHJDWKHUHGLQIRUPDWLRQRUSUREDELOLVWLFFDOFXODWLRQ*HQHUDOO\VSHDNLQJFHQWUDOL]HGFRQWURO
V\VWHPVORVHWKHLULPSRUWDQFHWRZDUGVGHFHQWUDOL]HGFRQWUROV\VWHPV .DPDJDHZHWDOVWDWHWKLV
UHDOLW\ WKDW ³KLHUDUFKLFDO VWUXFWXUHV DUH GLVVROYHG WRZDUGV D PHVKOLNH VWUXFWXUH ZLWK VHOIFRQWDLQLQJ
HQWLWLHV´ ,Q LQWUDORJLVWLFV V\VWHPV DXWRQRPRXV XQLWV FRQVLVW RI D YDULHW\ RI IXQFWLRQV LH FRQVLVWHQW
FRPPXQLFDWLRQ DQG QHJRWLDWLRQ DELOLW\ KLJK VHQVRUDFWXDWRU SURSHUWLHV WR JDWKHU ORFDO LQIRUPDWLRQ WR
HQVXUHDGYDQFHGIOH[LELOLW\FROOLVLRQDYRLGDQFHDQGWDVNDVVLJQPHQW
$FXUUHQWO\H[SHULPHQWDOKDOOFRQWDLQLQJWKH&76ZDVEXLOWRQDQDUHDRIPZLWKDPHWHUORQJ
WHVWDUHDLQ'RUWPXQG)UDXQKRIHU,0/WRDQDO\VLVLWVH[DFWSHUIRUPDQFH.LUNVHWDO7KHHQWLUH
V\VWHP LQFOXGLQJ ILIW\ 0XOWLVKXWWOH 0RYH XQLWV ILYH RUGHU SLFNLQJ VWDWLRQV DQG VWRUDJH UDFNV ZLWK
HOHYDWRUVORFDWHGDW WZRVLGHVRIWKHVWRUDJHUDFNVZDVLPSOHPHQWHGWRH[DPLQHWKHSHUIRUPDQFHRIWKH
&76E\ FRPSDULQJ LW WR RWKHU FRQYHQWLRQDO LQWUDORJLVWLFV V\VWHPV7KH H[SHULPHQWDO KDOO LV GHSLFWHG LQ
)LJXUHEHORZ

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)LJXUH7KHH[SHULPHQWDODUHDRI&HOOXODU7UDQVSRUW6\VWHP 
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 7KH$JHQW%DVHG6LPXODWLRQ&RQFHSW
)LUVWO\WKHFRQFHSWRIPRGHOOLQJDQGFODVVLILFDWLRQRIVLPXODWLRQZLOOEHSUHVHQWHGWRGLVWLQJXLVK$JHQW
%DVHG 6LPXODWLRQ $%6 ZKLFK LV D GLIIHUHQW NLQG RI VLPXODWLRQ IURP RWKHU W\SHV RI VLPXODWLRQ
PHWKRGRORJ\7KHQ$JHQW%DVHG6LPXODWLRQZLOOEHLQWURGXFHGLQGHSWKE\FDWHJRULVLQJWKHWHUP³DJHQW´
DFFRUGLQJWRLWVGLIIHUHQWFKDUDFWHULVWLFV)LQDOO\WKHVWUXFWXUHRIDJHQWEDVHGPRGHOOLQJDQGWKHQHFHVVLW\
RIDJHQWEDVHGVLPXODWLRQZLOOEHH[SODLQHG
2.2.1 The Modelling and Simulation Concept 
6\VWHP
,QOLWHUDWXUHQXPHURXVGHILQLWLRQVRIDV\VWHPFDQEHIRXQG*RUGRQRIIHUVDJRRGGHILQLWLRQRIµV\VWHP¶
LH ³DVVHPEODJH RI HQWLWLHV MRLQHG LQ VRPH UHJXODU LQWHUDFWLRQ RI LQWHUGHSHQGHQFH´ *RUGRQ  ,Q
RWKHUZRUGVDV\VWHPLVDVHWRIUHODWHGFRPSRQHQWVZKLFKLQWHUDFWZLWKHDFKRWKHURQWKHEDVLVRIV\VWHP
UXOHVDQGSULQFLSOHV

0RGHO
$PRGHO LVDQDEVWUDFWLRQ WR UHSUHVHQWDQH[LVWLQJRUSURSRVHGV\VWHPVXFKDVDSURMHFW DEXVLQHVV DQ
HQYLURQPHQW RU D FRPSDQ\ ZDUHKRXVH ,W DWWHPSWV WR VLPXODWH D V\VWHP LQ WKH UHDO ZRUOG WKURXJK
VLPSOLILFDWLRQ 1DWXUDOO\ WKH UHDVRQV IRU WKH XVDJH RI PRGHOV DUH HIILFLHQF\ HDVH RI DQDO\VLV DQG WKH
DELOLW\WRSUHGLFWIXWXUHVFHQDULRV

6\VWHP0RGHOOLQJ
,WLVSRVVLEOHWRFRQGXFWWKHVWXG\RIDV\VWHPE\WHVWLQJGLIIHUHQWPHWKRGV2QHSRVVLELOLW\LVWRFRQGXFW
DQ H[SHULPHQW ZLWK WKH V\VWHP LWVHOI ZLWKRXW XVLQJ DPRGHO  7KLV LV KRZHYHU IRU WHFKQLFDO UHDVRQV
DOPRVW LPSRVVLEOH  )RU LQVWDQFH WHVWLQJ WKH QHZ OD\RXW RI WKH ZDUHKRXVH ZKLOH GDLO\ RSHUDWLRQ LV LQ
SURJUHVVLQWKHRQJRLQJV\VWHPFDQEHJUXHOOLQJIRUWKHZKROHFRPSDQ\

$OVRWKHFRVWRIVXFKDQH[SHULPHQWFDQEHYHU\H[SHQVLYH$GGLWLRQDOO\WKHV\VWHPPLJKWQRW\HWH[LVW
RULVRQO\SDUWLDOO\FRPSOHWHG,QVXFKFDVHVDQDO\VLQJDV\VWHPE\XVLQJDPRGHOLVDIDUEHWWHURSWLRQ
'XH WR WKH VXEVWLWXWLRQ DQG VLPSOLILFDWLRQ RI WKH V\VWHP D PRGHO LV PXFK PRUH HFRQRPLFDO WKDQ WKH
FUHDWLRQRIWKHZKROHV\VWHP
2EYLRXVO\ D V\VWHP FDQ EH VLPXODWHG XVLQJ YDULRXVPRGHOV $V H[SODLQHG E\ *RUGRQ ³DPRGHO RI D
V\VWHPLVQRWXQLTXHEHFDXVHLWGLUHFWO\GHSHQGVRQWKHDLPRIWKHVWXG\´*RUGRQ,QIDFWDPRGHO
LVEDVHGRQ LQIRUPDWLRQJDWKHUHG IRU WKHSXUSRVHDQGRQDVVXPSWLRQVPDGH WR VLPSOLI\ WKHYLHZRI WKH
V\VWHP
*RUGRQ FODVVLILHV WKH GLIIHUHQW W\SHV RI PRGHOV DV VKRZQ LQ WKH )LJXUH  EHORZ DQG IXUWKHU
H[SODQDWLRQVDERXWHDFKFODVVDUHSURYLGHGDVIROORZV 
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)LJXUH7\SHVRIPRGHOV*RUGRQ
7KH3K\VLFDODQG0DWKHPDWLFDO0RGHO
3K\VLFDOPRGHOVDUHFRQFUHWHV\VWHPVEDVHGRQWKHVDPHIHDWXUHVDVWKHRULJLQDOV\VWHP)RUH[DPSOHD
VPDOOVFDOHPRGHOKDVVLPLODUSURSHUWLHVDVWKHUHDOV\VWHPWKDWLWLVEDVHGRQ0DWKHPDWLFDOPRGHOVRQ
WKH RWKHU KDQG XVH V\PEROLF QRWDWLRQV DVZHOO DVPDWKHPDWLFDO HTXDWLRQV DQG IRUPXODWLRQVZKLFK DUH
SURYLGHGIURPGHVLJQDQGDQDO\VLVRIWKHUHDOV\VWHP
7KH6WDWLFDQG'\QDPLF0RGHO
,QDVWDWLFPRGHOWKHWLPHIDFWRULVQRWFRQVLGHUHG6WDWLFPRGHOVIRFXVRQWKHVWDWHRIWKHV\VWHPZKLOH
WKHG\QDPLFPRGHOPRGLILHVWKHVWDWHRIWKHYDULDEOHVDVWLPHSDVVHV:KHQXVLQJG\QDPLFPRGHOOLQJLQ
RUGHU WR GHWHUPLQH ZKLFK TXDQWLW\ RI D SURGXFW VKRXOG EH SURGXFHG LW LV LPSRUWDQW WR WDNH LQWR
FRQVLGHUDWLRQWKHWLPHRI\HDUDVFXVWRPHUGHPDQGYDULHVHDFKPRQWK
7KH$QDO\WLFDODQG1XPHULFDO0RGHO
$QDO\WLFDOPHWKRGVDUHPDWKHPDWLFDOPRGHOV WKDWXVHDPDWKHPDWLFDO WKHRU\ WRVROYHD VHWRIHTXDWLRQV
DQGSURYLGHDQH[DFWVROXWLRQZKHUHDVQXPHULFDOPHWKRGVXVHDNLQGRIQXPHULFDOSURFHGXUHWRREWDLQWKH
EHKDYLRXU RI PRGHOV 1XPHULFDO PHWKRGV WU\ WR ILQG VROXWLRQV E\ XVLQJ FRPSXWDWLRQDO SURFHGXUHV
6LPXODWLRQPRGHOVDUHUHJDUGHGDVDQXPHULFDOPRGHO
2.2.2 System Simulation and Classification 
:KLOHDYDULHW\RIGHILQLWLRQVRI WKH WHUPVLPXODWLRQKDYHEHHQPDGH WKLVVWXG\ZLOOXVH WKHGHILQLWLRQ
ILUVWVXJJHVWHGE\6KDQQRQZKRVWDWHGWKDWDVLPXODWLRQLVWKHSURFHVVRIGHVLJQLQJDPRGHORID
UHDO V\VWHP DQG FRQGXFWLQJ H[SHULPHQWV ZLWK WKLV PRGHO IRU WKH SXUSRVH HLWKHU RI XQGHUVWDQGLQJ WKH
EHKDYLRXURIWKHV\VWHPRURIHYDOXDWLQJYDULRXVVWUDWHJLHVZLWKLQWKHOLPLWVLPSRVHGE\DFULWHULRQRUVHW
RIFULWHULD IRU WKHRSHUDWLRQRI WKHV\VWHP%DQNVRIIHUHGDQRWKHUGHILQLWLRQRIVLPXODWLRQ³6LPXODWLRQ
PHDQVLPLWDWLQJWKHRSHUDWLRQRIWKHUHDOV\VWHPWKURXJKDPRGHO´%DQNV$VDUHVXOWVLPXODWLRQ
FDQEHGHILQHGDVWKHSURFHVVRIFUHDWLQJDPRGHORIDQDYDLODEOHRUSURSRVHGV\VWHPLQRUGHUWRLGHQWLI\
DQG XQGHUVWDQG ZKLFK IDFWRUV DIIHFW WKH V\VWHP DQG WR SUHGLFW WKH IXWXUH EHKDYLRXU RI WKH V\VWHP
0RUHRYHUWKHUHH[LVWGLIIHUHQWW\SHVRIVLPXODWLRQVZKLFKFDQEHFDWHJRULVHGDVIROORZV
Models 
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 $FFRUGLQJWRWKHW\SHRIYDULDEOHVXVHGWRGHILQHWKHPRGHO
6WRFKDVWLF6LPXODWLRQ
1DWXUDOO\ ZKHQ WKH XQNQRZQ IDFWRUV DQG WKHLU LQIOXHQFH DUH FRQVLGHUDEOH VLPXODWLRQ LV DOPRVW
LPSRVVLEOH+RZHYHU LW LV SRVVLEOH WR HVWLPDWH D VSHFLILF YDOXH LQWHUYDO RU WKH SUREDELOLW\ RI D FHUWDLQ
YDOXHDWDVSHFLILFWLPH7KLVLVFDOOHGDVWRFKDVWLFRUSUREDELOLVWLFVLPXODWLRQ
'HWHUPLQLVWLF6LPXODWLRQ
'HWHUPLQLVWLFPRGHOVH[SODLQWKHEHKDYLRXURIWKHV\VWHPEDVHGRQVRPHSK\VLFDOODZ7KLVPHDQVWKDW
WKH EHKDYLRXU RI D V\VWHP LV IXOO\ NQRZQ)RU H[DPSOH WKH SODQHWVPRYH DURXQG WKH VXQ DFFRUGLQJ WR
1HZWRQ
VODZVDQGWKHLUSRVLWLRQFDQEHSUHGLFWHGZLWKJUHDWDFFXUDF\LQWRWKHIXWXUH
 $FFRUGLQJWRPRGLILFDWLRQRIWKHLQWHUHVWYDULDEOHVRYHUWLPH
'LVFUHWH(YHQW6LPXODWLRQ
$ GLVFUHWH V\VWHP LV D SRSXODU VLPXODWLRQ PHWKRGRORJ\ LQ ZKLFK WKH VWDWH YDULDEOHV FKDQJH RQO\ DW D
GLVFUHWH VHW RI SRLQWV LQ WLPH %DQNV HW DO  7KH GLVFUHWHHYHQW V\VWHP VLPXODWLRQ PRGHOV WKH
SURFHVVRI D V\VWHPDV GLVFUHWH SRLQWV LQ WLPH DWZKLFK FKDQJHV KDSSHQ$ FDOO FHQWUH VLPXODWLRQ LV DQ
H[DPSOHRIDGLVFUHWHVLPXODWLRQ,QFDOOFHQWUHVLPXODWLRQVWKHVWDWHYDULDEOHVFRUUHVSRQGWRWKHQXPEHU
RIFDOOV7KXVDFKDQJHRFFXUVHDFKWLPHDQLQFRPLQJFDOOLVUHFHLYHGEDVHGRQVSHFLILFGLVWULEXWLRQ
&RQWLQXRXV(YHQW6LPXODWLRQ
$ FRQWLQXRXV V\VWHP LV DQRWKHU VLPXODWLRQ WHFKQLTXH LQZKLFK WKH VWDWH YDULDEOHV FKDQJH FRQWLQXRXVO\
RYHU WLPH %DQNV HW DO  &RQWLQXRXV VLPXODWLRQV DUH WKHPRVW DSSURSULDWH LI WKH VWDWH YDULDEOHV
FKDQJHFRQWLQXRXVO\ UDWKHU WKDQ LQ LQIUHTXHQWGLVFUHWH VWHSV$ VLPXODWLRQRI WKH DPRXQWRIZDWHU LQD
EDUUDJHLVDJRRGH[DPSOHRIDFRQWLQXRXVVLPXODWLRQ7KHOHYHORIZDWHUFRQWLQXRXVO\LQFUHDVHVGXULQJ
UDLQ\ZHDWKHUZKLOHLWFRQWLQXRXVO\GHFUHDVHVGXULQJWKHKRWVXPPHUEHFDXVHRIRQJRLQJHYDSRUDWLRQ
+\EULG6LPXODWLRQ&RPELQHG'LVFUHWH&RQWLQXRXV6LPXODWLRQ
7KLVW\SHRIVLPXODWLRQFRPELQHVWKHIHDWXUHVRIFRQWLQXRXVDQGGLVFUHWHVLPXODWLRQV,WVROYHVGLIIHUHQWLDO
HTXDWLRQVE\DSSO\LQJGLVFUHWHHYHQWVWRDFRQWLQXRXVO\FKDQJLQJV\VWHP
0RQWH&DUOR6LPXODWLRQ
7KH 0RQWH &DUOR PHWKRGV SURYLGH DSSUR[LPDWH VROXWLRQV WR D YDULHW\ RI PDWKHPDWLFDO SUREOHPV E\
SHUIRUPLQJVWDWLVWLFDOVDPSOLQJ7KLVW\SHRIVLPXODWLRQXVHVUDQGRPQXPEHUVWRYDU\LQSXWSDUDPHWHUVIRU
DVHWRIFDOFXODWLRQV,WJLYHVDUDQJHRIUHVXOWVUDWKHUWKDQDVLQJOHYDOXH
 $FFRUGLQJWRPRGHOOLQJWHFKQLTXH
2EMHFW2ULHQWHG6LPXODWLRQV
$QREMHFWRULHQWHGVLPXODWLRQFRQVLVWVRIDVHWRIREMHFWFODVVHVZKLFKFDQEHXVHG WRFUHDWHVLPXODWLRQ
PRGHOV DQG SDFNDJHV7KH VLPXODWLRQV EXLOWZLWK WKHVH WRROV SRVVHVV WKH EHQHILWV RI DQ REMHFWRULHQWHG
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GHVLJQ LQFOXGLQJ WKH XVH RI HQFDSVXODWLRQ LQKHULWDQFH SRO\PRUSKLVP UXQWLPH ELQGLQJ DQG
SDUDPHWHUL]HG W\SLQJ 7KHVH FRQFHSWV FRXOG EH H[SODLQHG E\ FUHDWLQJ D VHW RI REMHFW IUDPHV ZKLFK
HQFDSVXODWHVLPXODWLRQUHTXLUHPHQWV
$JHQW%DVHG6LPXODWLRQV
7KLV LV D VSHFLDO FODVV RI GLVFUHWH HYHQW VLPXODWLRQ LQ ZKLFK WKHPRELOH HQWLWLHV DUH NQRZQ DV DJHQWV
:KHUHDV LQ WUDGLWLRQDO GLVFUHWH HYHQW PRGHOOLQJ WKH HQWLWLHV RQO\ KDYH DWWULEXWHV SURSHUWLHV WKDW PD\
FRQWURO KRZ WKH\ LQWHUDFWZLWK YDULRXV UHVRXUFHV RU FRQWURO HOHPHQWV DJHQWV KDYH ERWK DWWULEXWHV DQG
PHWKRGVHJUXOHVIRULQWHUDFWLQJZLWKRWKHUDJHQWV$QDJHQWEDVHGPRGHOFRXOGIRUH[DPSOHVLPXODWH
WKHEHKDYLRXURIDSRSXODWLRQRIFXVWRPHUVZKRDUHLQWHUDFWLQJZLWKHDFKRWKHU,QWKHSURFHHGLQJVHFWLRQ
WKHVSHFLILFDWLRQVRI$%6DUHH[SODLQHGLQGHWDLODVIROORZV
2.2.3 Agent- Based Simulation  
$JHQW%DVHG6LPXODWLRQ$%6LVDQRYHOVLPXODWLRQPHWKRGRORJ\8QWLOWKHHDUO\VWKHWHUPµDJHQW¶
ZDV RQO\ XVHG ZLWKLQ WKH FRPSXWHU VFLHQFH ILHOG 5HFHQWO\ $JHQWEDVHG PRGHOOLQJ KDV EHFRPH PRUH
SRSXODU LQDEURDGUDQJHRIDUHDVDQGGLVFLSOLQHV$[HOURGFODLPV WKDWDQDJHQW LVD WKLUGZD\RIGRLQJ
VFLHQFH$[HOURG%RQDEHDXGHILQHVDQ\W\SHRILQGHSHQGHQWFRPSRQHQWWREHDQDJHQW%RQDEHDX
$FRPSUHKHQVLYHDQDO\VLVUHJDUGLQJWKHWHUPµDJHQW¶LVSURYLGHGE\ 0DHVZKRH[SODLQV
WKDW DQ DJHQW LV D FRPSXWDWLRQDO VWXG\ZKLFK LV ORQJ OLYHG KDV JRDOV VHQVRUV DQG HIIRUWV DQG GHFLGHV
DXWRQRPRXVO\ZKLFKDFWLRQVWRWDNHLQWKHFXUUHQWVLWXDWLRQWRPD[LPL]HSURJUHVVWRZDUGVLWVWLPHYDU\LQJ
JRDOV7DNLQJDOO WKHDERYHGHILQLWLRQV LQWRDFFRXQW LWFDQEHVDLG WKDWDQDJHQW LVDSK\VLFDORUYLUWXDO
HQWLW\ZKLFKKDVFHUWDLQDELOLWLHVLQSDUWLFXODUFRPPXQLFDWLRQDELOLWLHVDXWRQRPRXVDELOLWLHVDQGGHFLVLRQ
PDNLQJDELOLWLHV
:RROGULGJHHWDOGLYLGHVDJHQWVEDVHGRQWKHH[HFXWLRQRIWKHLUWDVNLQWRWKHWKUHHFODVVHVOLVWHG
EHORZ
 5XOH'HWHUPLQHG$JHQWVDUHUHVSRQVLEOHWRIXOILOWKHWDVNDFFRUGLQJWRVSHFLILFSUHGHILQHGUXOHV
 8VHU'HWHUPLQHG$JHQWVH[HFXWHWKHHQWLUHWDVNZLWKWKHGLUHFWLQWHUYHQWLRQRIKXPDQV
 9ROXQWHHU 'HWHUPLQHG $JHQWV DUH DEOH WR SHUIRUP WKH WDVN WKHPVHOYHV ZKHQ LW LV EHOLHYHG
VXLWDEOHZLWKRXWH[WHUQDOLQWHUYHQWLRQ
7KHPDLQFKDUDFWHULVWLFVRIDJHQWVLQWURGXFHGE\:RROGULGJHHWDODUH
 $XWRQRP\$JHQWV VKRXOGEHFDSDEOHRIFRPSOHWLQJ WKHLUGXWLHVZLWKRXWDQ\ LQWHUIHUHQFH IURP
KXPDQVDQGVKRXOGUHJXODWHWKHLURZQEHKDYLRXUDQGWKHLURZQPRYHPHQWV
 6RFLDO$ELOLW\$JHQWVVKRXOGKDYHWKHFRPPXQLFDWLRQDELOLW\WRLQWHUDFWZLWKRWKHUFRPSRQHQWV
WKDWDUHORFDWHGLQWKHVDPHHQYLURQPHQW
 5HVSRQVLYHQHVV$JHQWV VKRXOGEHDEOH WR UHFRJQL]H DQG LGHQWLI\ WKHLU HQYLURQPHQW LQRUGHU WR
UHDFWDQGGHFLGHWKHQH[WDFWLRQDWWKHDSSURSULDWHWLPH
 3URDFWLYLW\$JHQWVVKRXOGSRVVHVV WKHDELOLW\ WRUHSUHVHQWVRPHDOWHUQDWLYHEHKDYLRXUWRUHDFK
WKHZHOOGHILQHGJRDOZKHQQHHGHG
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 $GDSWDELOLW\$JHQWVVKRXOGDUUDQJH WKHLUDFWLRQVDQGPRYHPHQWV LQD WLPHO\PDQQHUDQGZLWK
UHDVRQDEOHHIIRUWZKHQIDFLQJDQ\NLQGRIFKDQJH
 0RELOLW\$JHQWVVKRXOGEHDEOHWRFKDQJHWKHLUSRVLWLRQLQRUGHUWRFRQYH\NQRZOHGJHSHUFHLYH
WKHSUREOHPDQGJHQHUDWHWKHVROXWLRQH[SOLFLWO\
 5DWLRQDOLW\$JHQWVVKRXOGEHDZDUHRIWKHLUJRDOVDQGDYRLGFHUWDLQDFWLRQVDQGEHKDYLRXUVWKDW
DUHQRWUHOHYDQWWRWKHLUSDUWLFXODUDLP
)XUWKHUPRUH 1ZDQD  SURYLGHV DQRWKHU FODVVLILFDWLRQ RI DJHQWV ZLWK UHVSHFW WR WKHLU WDVN
DVVLJQPHQWDVIROORZV
 &ROODERUDWLYH DJHQWV DUH DEOH WR FRPPXQLFDWH DQG QHJRWLDWHZLWK KXPDQV DQG RWKHU DJHQWV LQ
WKHLU HQYLURQPHQW WR DFKLHYH D FRPPRQ SXUSRVH E\ XVLQJ WKHLU LQGLYLGXDO DXWRQRP\ DQG
FRRSHUDWLRQVNLOOV
 ,QWHUIDFH DJHQWV DUH VSHFLILF DJHQWV UHVSRQVLEOH IRU VHWWLQJ XS D FRQQHFWLRQ ZLWK XVHUV E\
FROOHFWLQJDQGFRQYH\LQJLQIRUPDWLRQ
 0RELOH DJHQWV DUH GHILQHG DV VRIWZDUH DJHQWV WKDW FDQ FKDQJH ORFDWLRQ WR FROOHFW XVHIXO
LQIRUPDWLRQUHTXHVWHGE\XVHUVDQGVXEVHTXHQWO\SUHVHQWWKLVLQIRUPDWLRQWRWKHXVHUV
 ,QIRUPDWLRQDJHQWVDUHVSHFLDOVRIWZDUHDJHQWVLGHQWLILHGWRFRQWURODQGKDQGOHWKHLQIRUPDWLRQ
XVLQJYDVWDPRXQWVRIGDWDIURPQHWZRUNVRULQWHUQHWIORZ
 5HDFWLYHDJHQWVDUHUHVSRQVLEOHIRUSUHGLFWLQJFHUWDLQHYHQWVEHIRUHWKH\KDSSHQXVLQJVLJQDOVRU
SUHGHWHUPLQHG DOJRULWKPV 7KHVH DJHQWV GR QRW SHUIRUP JRDOGLUHFWHG WDVNV OLNH RWKHU W\SHV RI
DJHQWV
 +\EULG DJHQWV DV 1ZDQD  SRLQWV RXW DUH DJHQWV ZKR H[KLELW WZR RU PRUH DJHQW
FKDUDFWHULVWLFV LQVLGH RQH VLQJOH DJHQW LQ RUGHU WR DFFRPSOLVK PXOWLSOH DVVLJQPHQWV
VLPXOWDQHRXVO\
 +HWHURJHQHRXVDJHQWVDUHWZRRUPRUHDJHQWVWKDWDUHMRLQHGWRJHWKHULQDGLIIHUHQWDJHQW
VWUXFWXUHLQRUGHUWRRYHUFRPHFRPSOH[GLIILFXOWLHV

,QWKHPDQXIDFWXULQJDQGZDUHKRXVLQJILHOGDV3DROXFFLHWDODUJXHDJHQWVFDQDFWLYHO\VXSSRUW
LQIRUPDWLRQ PDQDJHPHQW DQG VSHFLILFDOO\ DJHQWV FDQ EH DSSOLHG WR HQKDQFH H[LVWLQJ 0DQXIDFWXULQJ
,QIRUPDWLRQ 6\VWHPV 0,6V ,Q RWKHU ZRUGV RYHU WKH \HDUV WKH DJHQW WHFKQRORJ\ KDV EHHQ XVHG WR
VXSSRUW LQGXVWU\ LQ WKH DUHD RI LQIRUPDWLRQ PDQDJHPHQW DV D VRIWZDUH DJHQW 0RUHRYHU WKH DXWKRUV
FODLPHGWKDWDOWKRXJKLWVKRXOGEHHYLGHQWWKDWDJHQWVFRXOGEHXVHIXOWRROVWRVXSSRUWWKHPDQXIDFWXULQJ
LQGXVWU\LWLVQRWTXLWHVRFOHDUKRZWRLPSOHPHQWDJHQWWHFKQRORJ\,QWKHIROORZLQJVKDSH)LJXUH
GLIIHUHQWDJHQWW\SHVDQGDUFKLWHFWXUHHVWDEOLVKHGIRU0,6VDUHGHPRQVWUDWHGDVDQH[DPSOH
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2.2.4 Literature Review of Agent-Based Simulation 
$JHQW%DVHG 6LPXODWLRQ KDV EHHQ DSSOLHG LQ D KXJH YDULHW\ RI ILHOGV DQG LV DOVR WULJJHUHG E\
VLPXODWLRQ SUDFWLWLRQHUV ZKR QHHG WR VLPXODWH GHWDLO IHDWXUHV WKDW FRXOG QRW EH VLPXODWHG E\
FRQYHQWLRQDOVLPXODWLRQPHWKRGRORJLHV 
$SSOLFDWLRQVFDQEHVHHQHVSHFLDOO\LQWKHELRORJLFDOHFRORJLFDOVRFLDOEXVLQHVVDQGPDQXIDFWXULQJ
ILHOGV,QWKHILHOGRIELRORJ\IRULQVWDQFHDQDJHQWRIIHUVDFRQVLGHUDEOHRSSRUWXQLW\WRPHDVXUHWKH
VSUHDGRIWKHFDQFHUYLUXV 3UH]LRVLLQDYLUWXDOHQYLURQPHQW0RUHRYHUWKHDSSOLFDWLRQDUHDV
YDU\IURPPRGHOOLQJDQFLHQWFXOWXUHVWRPRGHOOLQJFXVWRPHUEHKDYLRXU LQWKHPDUNHWFRQGLWLRQ7KH
7DEOH  EHORZ OLVWV VHYHUDO $JHQWEDVHG VLPXODWLRQ DSSOLFDWLRQV DFFRUGLQJ WR WKHLU ILHOGV DQG
SURYLGHVDVKRUWH[SODQDWLRQDQGUHIHUHQFHWRUHOHYDQWDUWLFOHV
7DEOH/LWHUDWXUHRI$JHQWEDVHGVLPXODWLRQ
)LHOG ([SODQDWLRQ $UWLFOHV
 0ROHFXODU%HKDYLRXU 7URLVLHWDO
%LRORJLFDO6FLHQFH &HOO%HKDYLRXUDQG,QWHUDFWLRQV $OEHUHWDO
 0RELOH&HOOIRU,PPXQH6\VWHP )ROFLNHWDO
 6SHHGRI&DQFHU 3UH]LRVL
(FRORJ\	+HDOWK 6SDFH,QWHUDFWLRQV 7HVWD
 6SUHDGRI,QIHFWLRQV &DUOH\HWDO
 5HOD[LQJ&ODVVLF(FRQRPLFV $UWKXUHWDO
(FRQRPLFV ,QWHUHVW%HKDYLRXU 7HVIDWVLRQ
 7RXULVPV &KDUDQLDHWDO
 0DUNHW'\QDPLF /RSH]6DQFKH]HWDO
%XVLQHVV	0DUNHW (FRQRPLFVDQG0DUNHW&RQGLWLRQ 7RQPXND\DNXO
 6XSSO\&KDLQ 0DFDOD
 $UFKDHRORJLFDO(YLGHQFH .RKOHUHWDO
6RFLHW\	&XOWXUH $QFLHQW&LYLOL]DWLRQ :LONLQVRQ7-HWDO
2.2.5 Structure of Agent Based Simulation 
-HQQLQJVVWDWHGWKDWWKHXVHRIDJHQWWHFKQRORJ\LVMXVWLILHGZKHQWKHDSSOLFDWLRQVDUHPRGXODU
GHFHQWUDOL]HGFKDQJHDEOHLOOVWUXFWXUHGDQGFRPSOH[2QHRIWKHPDLQGLIIHUHQFHVEHWZHHQ$%6DQG
RWKHU VLPXODWLRQPHWKRGRORJLHV LV WKDW$%6 LV DGHFHQWUDOL]HG V\VWHP$JHQWVKROG LQGLYLGXDO ORFDO
LQIRUPDWLRQ LQ RUGHU WR DFFRPSOLVK D SUHGHILQHG WDVNZLWKRXW DQ\ FHQWUDO SRZHU QHLWKHU DOORFDWLQJ
GXWLHV DQG QHFHVVDU\ LQIRUPDWLRQ WR DOO DJHQWV QRU FRQWUROOLQJ WKHLU SHUIRUPDQFH WR PDLQWDLQ
FRQVLVWHQF\,QVWHDGRIFHQWUDODXWKRULW\DJHQWVPHHWWKHXVHUUHTXLUHPHQWVE\LQWHUDFWLQJQRWZLWKDOO
DJHQWVDVLQDUHDOOLIHVFHQDULREXWE\VHQGLQJDQGUHFHLYLQJPHVVDJHVWRLQIRUPHDFKRWKHULQRUGHU
WRILQGWKHEHVWVROXWLRQ
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$JHQWEDVHGPRGHOOLQJIRFXVHVRQV\VWHPVWKDWLQFOXGHWKHQXPEHURIDFWLYHREMHFWVVXFKDVSHRSOH
FXVWRPHUV DQG YHKLFOHV WKDW KDYH VSHFLILF EHKDYLRXUV  $JHQWEDVHG PRGHOOLQJ GLIIHUV IURP RWKHU
W\SHVRIPRGHOOLQJZLWK UHJDUG WRKRZ LWDSSURDFKHV VXFK V\VWHPVDQG KRZHDVLO\ LW FDQEH IXUWKHU
LPSURYHGWRVLPXODWHPRUHFRPSOLFDWHGVLWXDWLRQV$JHQWEDVHGPRGHOOLQJFDQQRWEHDVXEVWLWXWLRQIRU
'LVFUHWH(YHQWRU6\VWHP'\QDPLFVPRGHOOLQJEXWLWLVDXVHIXOPRGHOWKDWFDQEHXVHGHIIHFWLYHO\LQ
FRPELQDWLRQZLWKRWKHUPRGHOOLQJPHWKRGV
7KH VWUXFWXUH RI DJHQWV FRXOG EH FUHDWHG XVLQJ GLIIHUHQW WHFKQLTXHV EDVHG RQ W\SHV RI VLPXODWLRQ
VRIWZDUHVXFKDVSURJUDPPLQJODQJXDJHRUJUDSKLFDOHGLWRUV$JHQWEDVHGPRGHOOLQJVKRXOGDOZD\V
EH FRPSRVHGRIPDQ\ DFWLYH REMHFWV HVSHFLDOO\ KXPDQV DOO RIZKLFKPXVW FRPPXQLFDWHZLWK HDFK
RWKHU+RZHYHUDQ\SK\VLFDORUQRQSK\VLFDOREMHFWPLJKWEHDQDJHQWVXFKDVDYHKLFOHDEXLOGLQJD
SODQDFLW\DQLOOQHVVDFRPSDQ\HWF)RUH[DPSOHWKHPRGHORIDZDUHKRXVHZKHUHHDFKZRUNVWDWLRQ
LVPRGHOOHGDVDQDFWLYHREMHFWLVDQDJHQWEDVHGVLPXODWLRQ$GGLWLRQDOO\HYHQDSDVVLYH LPPRELOH
REMHFWFDQEHDQDJHQW,QWKHVDPHZDUHKRXVHIRULQVWDQFHHYHU\ZRUNVWDWLRQFDQEHPRGHOOHGDVDQ
DJHQW (DFK ZRUNVWDWLRQ FRXOG EH PRGHOOHG DFFRUGLQJ WR LWV VWDWH RI EXV\ LGOH EUHDNGRZQ RU
PDLQWHQDQFH2QWKHRWKHUKDQG WKHDJHQWEDVHGPRGHOPLJKWFRQVLVWRIYHU\IHZDJHQWVDQG WKHVH
DJHQWVFRXOGEHLGHQWLFDORUFRPSOHWHO\GLIIHUHQWIURPHDFKRWKHU$OVRVRPHDJHQWVFDQLQWHUDFWZLWK
DOORWKHUDJHQWVZKLOHRWKHUVFDQEHLVRODWHGIURPWKHLUHQYLURQPHQW,QVKRUWPDQ\GLVVLPLODUDJHQW
EDVHGPRGHOVWUXFWXUHVDUHDYDLODEOH
0RVWDJHQWEDVHGPRGHOVZRUNLQGLVFUHWHWLPHLHLQWHUDFWLRQGHFLVLRQPDNLQJDQGFKDQJHVRIVWDWH
DUHLQVWDQW,QWKLVUHVSHFWDJHQWEDVHGPRGHOOLQJLVTXLWHVLPLODUWRGLVFUHWHHYHQWPRGHOOLQJZKDWLV
GLIIHUHQW WKH W\SHV RI WKH DJHQWV VWDWHV 7KH VWDWHV UHSUHVHQW WKH DJHQWV¶ EHKDYLRXU LQ UHVSRQVH WR
YDU\LQJWLPHVRUFRQGLWLRQV
$ VWDWH FKDUW RU VWDWH GLDJUDP LV D JUDSKLFDO PHWKRG ZKLFK FDQ EH XVHG LQVWHDG RI SURJUDPPLQJ
ODQJXDJH6XFKDGLDJUDPIDFLOLWDWHVWKHVLPSOHDQGHIILFLHQWH[SUHVVLRQRIHYHQWVDQGWKHEHKDYLRXURI
DJHQWV 6WDWH FKDUWV DUH PDLQO\ FRPSRVHG RI VWDWHV DQG WUDQVLWLRQV ,Q RUGHU WR SURYLGH D EHWWHU
XQGHUVWDQGLQJRIVWDWHFKDUWVDQGWKHLUFRPSRQHQWVDCustomer BehaviourState ChartLVXVHGEHORZ
LQ)LJXUHDVDQLOOXVWUDWLYHH[DPSOH7KH&XVWRPHU%HKDYLRXU6WDWH&KDUWFRQVLVWVRIWKUHHVWDWHV
QDPHO\ WKH ,QLWLDO 6WDWH 2UGHULQJ 6WDWH DQG 2UGHU &RPSOHWLRQ 6WDWH DQG RI WKUHH WUDQVLWLRQV LH
2UGHU7UDQVLWLRQ3UHSDULQJ7UDQVLWLRQDQG)LQLVKHG7UDQVLWLRQ






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$W WKH EHJLQQLQJ RI WKH VLPXODWLRQ HDFK FXVWRPHU LV DW WKH ³Initial State”ZDLWLQJ IRU WKH ³Create 
Order”PHVVDJHZKLFKLVLQVLGHWKH³Order”WUDQVLWLRQ$IWHUUHFHLYLQJWKH³Create Order” PHVVDJH
DJHQWVPRYHWKHLUFXUUHQWVWDWHWRWKH³Ordering State”,ZKLFKFRXOGLQYROYHVRPHVSHFLILF-DYD&RGH
LQRUGHUWRH[WHQGWKHDJHQWV¶SURSHUW\LQUHVSRQVHWRXVHUUHTXLUHPHQWV)RULQVWDQFHGLIIHUHQWW\SHV
RIRUGHULWHPVEHORQJWRDVSHFLILFFXVWRPHUDQGWKHLUSHQGLQJGLVWULEXWLRQFDQEHGHILQHGGXULQJWKH
³Ordering State”. $W WKH “Ordering State” SRLQW DJHQWVZDLW IRU WKH PHVVDJH ³Preparing´ WR EH
ZULWWHQGXULQJWKH³Preparing”WUDQVLWLRQXQWLOWKHDJHQWVMXPSWRWKH³Order Completion”VWDWH$W
WKHODVWVWHSDJHQWVUHWXUQWRWKHLUILUVWVWDWHRQFHWKH\DUHWULJJHUHGE\WKH³Complete´PHVVDJHLQVLGH
WKH³Finished” WUDQVLWLRQ
2.2.6 The Need for Agent Based Modelling 
7KH UHDVRQ IRU XVLQJPRGHOV LV WR VROYH UHDOZRUOG SUREOHPV LQ RUGHU WR RSWLPL]H V\VWHPVZLWKRXW
KDYLQJWRFRQVWUXFWUHDOSURWRW\SHVRUWRH[SHULPHQWZLWKUHDOV\VWHPVDVWKLVPLJKWEHH[SHQVLYHRU
LPSRVVLEOH 0RGHOOLQJFRXOGEHH[SODLQHGDVDSURFHVVRIDEVWUDFWLRQRIUHDOZRUOGSUREOHPVXVLQJ
DQDO\WLFDORUVLPXODWLRQWHFKQLTXHV%RUVFKHYHWDOVKRZDUDQJHRISUREOHPVDUUDQJHGRQWKH
VFDOHDFFRUGLQJWRWKHW\SLFDOOHYHORIDEVWUDFWLRQRIWKHFRUUHVSRQGLQJPRGHOV)LJXUHLOOXVWUDWHV
WKH OHYHO RI DEVWUDFWLRQ RI FHUWDLQ VLPXODWLRQ DSSOLFDWLRQV $FFRUGLQJ WR %RUVFKHY¶V DQG )LOLSSRY¶V
GHILQLWLRQEHORZZDUHKRXVH DQGDXWRPRWLYH FRQWURO V\VWHPVFRXOGEH IRXQGRQ WKH ORZDEVWUDFWLRQ
OHYHO LQ RWKHU ZRUGV RQ WKH PLFUR OHYHO RU RSHUDWLRQDO OHYHO $JHQWEDVHG VLPXODWLRQ DSSURDFKHV
SRVVHVV WKH DELOLW\ WR KDQGOH DQG VLPXODWH DOO GHWDLOV LQ ZDUHKRXVH ORJLVWLFV VXFK DV H[DFW VL]HV
GLVWDQFHVYHORFLWLHVDQGWLPLQJ

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)LJXUH$SSOLFDWLRQRI6LPXODWLRQ0RGHOOLQJEDVHGRQ$EVWUDFWLRQ/HYHO%RUVFKHYHWDO
0RUHRYHU%RUVFKHYHWDOGHILQHWKUHHPDMRUVLPXODWLRQSDUDGLJPVDFFRUGLQJWRWKHOHYHORI
DEVWUDFWLRQDVVKRZQLQ)LJXUHEHORZ7KHVHDUH6\VWHP'\QDPLFV$JHQW%DVHGDQG'LVFUHWH
(YHQWVLPXODWLRQ6\VWHP'\QDPLFVIRULQVWDQFHGHDOVZLWKKLJKDEVWUDFWLRQOHYHOPRGHOOLQJZKLOH
'LVFUHWH(YHQWPRGHOOLQJLVSRVLWLRQHGDWWKHORZWRPLGGOHDEVWUDFWLRQOHYHO$JHQWEDVHGPRGHOOLQJ
KRZHYHUFDQEHXVHGIRUDOOOHYHOVRIDEVWUDFWLRQ+HQFHWKHDSSOLFDWLRQRIDJHQWEDVHGPRGHOVLVYHU\
YHUVDWLOH&HOOXODU7UDQVSRUW 6\VWHPV &76 DUH UHFRJQL]HG DV EHLQJ ORFDWHG RQ WKH ORZ DEVWUDFWLRQ
OHYHOZKLOH$QWLFLSDWRU\&KDQJH3ODQQLQJZKLFKFRUUHVSRQGVWRVXSSO\FKDLQDQGPDUNHWFRPSHWLWLRQ
LVVXHVDUHDFFHSWHGWREHORFDWHVRQWKHKLJKDEVWUDFWLRQOHYHO+RZHYHUERWK&76DQG$QWLFLSDWRU\
Low Abstraction, More Details, Micro Level 
Operational Level 
Warehouse Pedestrial Movement  Factory Floor 
Automative 
Control System 
Middle Abstraction, Medium Details, Meso Level 
Tactical Level 
Supply Chain 
Management Transportation 
Assest 
Management 
Emergency 
Department 
High Abstraction, Less Detail,  Macro Level 
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Marketplace & 
Competition 
R&D Project 
Management  Healty Economics  Ecosystem 
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&KDQJH3ODQQLQJVKRXOGEHVLPXODWHGVLPXOWDQHRXVO\$JHQWEDVHGVLPXODWLRQSDUDGLJPVDUHDEOHWR
KDQGOHERWKKLJKDQGORZDEVWUDFWLRQOHYHOVDWWKHVDPHWLPH7KXV WKURXJKRXWWKLVVWXG\WKHDJHQW
EDVHGDSSURDFKLVFKRVHQDVDVLPXODWLRQPHWKRGRORJ\

)LJXUH6LPXODWLRQ$SSURDFKHVEDVHGRQ$EVWUDFWLRQ/HYHOV%RUVFKHYHWDO
 $QWLFLSDWRU\&KDQJH3ODQQLQJ&RQFHSW
7KH ODVWPDLQ SDUW RI WKHSUHVHQW VWXG\$QWLFLSDWRU\&KDQJH3ODQQLQJZLOO EH H[SODLQHG ILUVWO\ E\
JLYLQJYDULRXVGHILQLWLRQVIURPVFLHQWLILFUHVHDUFKHV,QWKHVHFRQGSDUWWKHSUHYLRXVVWXGLHVVXFKDV
5LVN0DQDJHPHQWDQG'LVUXSWLRQ0DQDJHPHQWZKLFKFDQEHDFFHSWHGWRVKRZVRPHVLPLODULWLHVZLWK
SURSRVHG$&3DUHLQWURGXFHGLQRUGHUWROD\HPSKDVLVRQWKHLPSRUWDQFHDQGGLIIHUHQFHRI$&3
2.3.1 Definition of Anticipatory Systems 
0RVW RI WKH VFLHQWLILF VWXGLHV DERXW DQWLFLSDWRU\ V\VWHPV DUH QRW LQFOXGHG ZLWKLQ WKH VFRSH RI
LQWUDORJLVWLFV HQYLURQPHQW 7KH\ DUH JHQHUDOO\ FRQQHFWHGZLWK WKHRUHWLFDO ELRORJ\ LH ³Anticipatory 
Systems”E\5RVHQVHPLRWLFVLH³Anticipation”E\1DGLQRUDUWLILFLDOLQWHOOLJHQFHLH
³The Challenge of Anticipation” E\ 3H]]XOR HW DO  %HORZ WKUHH PDLQ GHILQLWLRQV RI
DQWLFLSDWRU\V\VWHPVIURPGLIIHUHQWVFLHQWLILFILHOGVDUHOLVWHG
5REHUW 5RVHQ GHILQHV DQWLFLSDWLRQ LQ DUWLILFLDO V\VWHPV DV ´$Q DQWLFLSDWRU\ V\VWHP LV D V\VWHP
FRQWDLQLQJDSUHGLFWLYHPRGHORI LWVHOIDQGRURI LWVHQYLURQPHQW WKDWDOORZV LW WRFKDQJH LWVFXUUHQW
VWDWHDWDQLQVWDQWLQDFFRUGZLWKWKHPRGHOSUHGLFWLRQVSHUWDLQLQJWRDODWHULQVWDQW´5RVHQ
$FFRUGLQJ WR 0LKDL 1DGLQ¶V GHILQLWLRQ DQWLFLSDWLRQ LV D UHFXUVLYH SURFHVV GHVFULEHG WKURXJK WKH
IXQFWLRQLQJRIDPHFKDQLVPZKRVHSDVWSUHVHQWDQGIXWXUHVWDWHVDOORZLWWRHYROYHIURPDQLQLWLDOWRD
ILQDO VWDWH WKDW LV LPSOLFLWO\ HPEHGGHG LQ WKH PHFKDQLVP 1DGLQ  %HVLGHV KLV LQWURGXFWRU\
H[SODQDWLRQRIDQWLFLSDWLRQ1DGLQRIIHUVWZHOYHEULHIGHILQLWLRQVRIDQWLFLSDWLRQLQRUGHUWRIDFLOLWDWHD
EHWWHUXQGHUVWDQGLQJRILWVLPSRUWDQFH)RULQVWDQFHDQWLFLSDWLRQLVDUHDOL]DWLRQZLWKLQWKHGRPDLQRI
SRVVLELOLWLHVRUDQWLFLSDWLRQLVDQDWWUDFWRUZLWKLQG\QDPLFV\VWHPV
$QWLFLSDWRU\ V\VWHPV DV GHILQHG E\ 3H]]XOR HW DO  DUH V\VWHPV WKDW JHQHUDOO\ XVH WKHLU
SUHGLFWLYHFDSDELOLWLHVWRRSWLPL]HEHKDYLRXUDQGOHDUQLQJWRWKHEHVWRIWKHLUNQRZOHGJH
High Abstraction
Less Detail 
Macro Level
Strategic  Level
Middle Abstraction
Medium Details 
Medium Level
Tactical Level
Low Abstraction
More Details
Micro Level
Operational Level
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$OVR WKH\PDNH D FOHDU GLVWLQFWLRQ EHWZHHQ SUHGLFWLRQ DQG DQWLFLSDWLRQ E\ SURYLGLQJ WKH IROORZLQJ
VWDWHPHQW3UHGLFWLRQLVDUHSUHVHQWDWLRQRIDSDUWLFXODUIXWXUHHYHQW$QWLFLSDWLRQLVDIXWXUHRULHQWHG
DFWLRQGHFLVLRQRUEHKDYLRXUEDVHGRQDLPSOLFLWRUH[SOLFLWSUHGLFWLRQ3H]]XORHWDO
2Q WKH EDVLV RI WKH GHILQLWLRQ DERYH WKH WHUP µDQWLFLSDWLRQ¶PLJKW EH VXPPHG XS LQ WHUPV RI WKH
LQWUDORJLVWLFV V\VWHPV FRQFHSW DV DQ LGHQWLILFDWLRQ DQG SUHGLFWLRQ RI SRWHQWLDOFKDQJHV LQ RUGHU WR
UHVSRQGLQDSSURSULDWHWLPHDQGWRPLQLPL]HWKHQHJDWLYHHIIHFWVDQGPD[LPL]HWKHSRVLWLYHHIIHFWVRI
VXFKFKDQJHV
2.3.2 Literature Review of Anticipatory Systems 
 5LVN0DQDJHPHQW
7KHUH LV D ODUJH YROXPH RI SXEOLVKHG VWXGLHV GHVFULELQJ WKH ULVN GHILQLWLRQ DQG WKH UROH RI ULVN
PDQDJHPHQWHYHQLQWKHILHOGRIERWKEXVLQHVVDQGVFLHQFH)RULQVWDQFH6LWNLQHWDOGHILQHV
ULVNDV³WKHH[WHQWWRZKLFKWKHUHLVKHVLWDWLRQZKHWKHUSRWHQWLDOO\GHVLUHGRULQVLJQLILFDQWXQZDQWHG
RXWFRPHVRIGHFLVLRQZLOOEHUHDOLVHG´,QRWKHUUHVSHFWV5LWFKLHHWDOIRUPXODWHVDSULQFLSOH
RIULVNWRDVVHVVWKHSUREDELOLW\RIRFFXUUHQFHRIFHUWDLQRXWFRPHVVHYHULW\IURPWKHRFFXUUHQFH
RIWKHHYHQWWKHDELOLW\WRGHWHFWWKHULVN,WLVSXWWRJHWKHULQWKHQRWDWLRQEHORZ
ܴ݅ݏ݇ ൌ ܮ݈݄݅݇݁݅݋݋݀ ൈ ܵ݁ݒ݁ݎ݅ݐݕ ൈ ܦ݁ݐ݁ܿݐ݅݋݊ 
µ5LVN0DQDJHPHQW¶LVGHILQHGDV³DQRUJDQLVHGSURFHVV WR LGHQWLI\ZKDWFDQJRZURQJ WR TXDQWLI\
DQG DVVHVV DVVRFLDWHG ULVNV DQG WR LPSOHPHQWFRQWURO WKH DSSURSULDWH DSSURDFK IRU SUHYHQWLQJ RU
KDQGOLQJHDFKULVNLGHQWLILHG´,1&26(
7KHULVNPDQDJHPHQWSURFHVVJHQHUDOO\LVFRPSRVHGRIIRXUPDLQVWHSVVKRZQLQ)LJXUHZKLFK
FDQEHUHSHDWHGXQWLOWKHULVNVDUHNHSWZLWKLQWKHDFFHSWDEOHFRUULGRUV7KHVHVWHSVDUH
5LVN,GHQWLILFDWLRQWKHSKDVHLQZKLFKWKHULVNVDUHGHWHUPLQHG$OOSRVVLEOHULVNVDUHFROOHFWHGLQD
OLVW1RWRQO\ULVNLGHQWLILFDWLRQEXWDOVRLGHQWLI\LQJWKHVRXUFHRUGULYHUVRISRWHQWLDOULVNVLVFDUULHG
RXWLQWKLVVWHS
5LVN$VVHVVPHQWWKLVSKDVHFRPHVDIWHUWKHULVNVDQDO\VLVLQRUGHUWRPHDVXUHWKHOLNHOLKRRGDQGWKH
H[SHFWHG LPSDFW RQ WKH GHILQHG V\VWHP ,Q RWKHUZRUGV WKLV DVVHVVPHQW HVVHQWLDOO\ GHDOVZLWK WZR
PDLQTXHVWLRQVILUVW³KRZOLNHO\DULVNLV´LHWKHIUHTXHQF\RIULVNDQGVHFRQG³KRZWHUULEOHWKH
ULVNFDQEH´LHWKHVHYHULW\RIULVN
5LVN(YDOXDWLRQ WKH SKDVH LQZKLFKPLWLJDWLRQ GHFLVLRQV DUH WDNHQ WR VWRS RU DW OHDVW UHGXFH WKH
HIIHFW RI ULVN 7KXV LW LV DOVR FDOOHG WKH ULVNPLWLJDWLRQ SKDVH  7KLV SKDVH LV FRPSRVHG RIPDQ\
PLWLJDWLRQVWUDWHJLHVDQGQHZLPSOHPHQWDWLRQSODQVZKHQWKHXQZDQWHGHYHQWRFFXUV
5LVN0RQLWRULQJWKHSKDVHLQZKLFKWKHLPSDFWRIPLWLJDWLRQSODQVLVIROORZHGXS)RUPDQ\UHDVRQV
DQ RUJDQL]DWLRQ VKRXOG KDYH D G\QDPLF FKHFN V\VWHP RQ PDQDJLQJ ULVNV LQ RUJDQL]DWLRQV DQG D
IUHTXHQWXSGDWHVV\VWHPE\DSSO\LQJVRPHRWKHUFKDQJHVZLWKLQWKHV\VWHPRULQWKHHQYLURQPHQW
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)LJXUH5LVN0DQDJHPHQW6WHSV
 'LVUXSWLRQ0DQDJHPHQW
7KHWHUPµ'LVUXSWLRQ¶LVGHILQHGE\%HKGDQLLQVLGHWKHFRQFHSWRIWKHVXSSO\FKDLQDQGLWFDQ
EHUHYLVHGDFFRUGLQJWRWKHFRQFHSWRILQWUDORJLVWLFVDVDQHYHQWWKDWPLJKWKDSSHQLQDQ\SDUWRIWKH
LQWUDORJLVWLFVV\VWHPDQGLILWKDSSHQVLWFDXVHVXQGHVLUHGLPSDFWVRQWKHDFKLHYHPHQWRIREMHFWLYH
DQGWKHSHUIRUPDQFHRILQWUDORJLVWLFV
$FFRUGLQJ WR DGHILQLWLRQSURYLGHGE\ %HKGDQL 'LVUXSWLRQ0DQDJHPHQW LV D VWUXFWXUHGDQG
FRQWLQXRXV SURFHVV WR DQDO\]H WKH LPSDFW RI GLVUXSWLRQ DFURVV DQ LQWUDORJLVWLFV V\VWHP RQ WKH
SUHGHILQHGREMHFWLYHVDQGWRKDQGOHWKHVHGLVUXSWLRQVLQWKHLUZKROHOLIHF\FOH
7KHGLIIHUHQFHEHWZHHQULVNPDQDJHPHQWDQGGLVUXSWLRQPDQDJHPHQWFDQEHVLPSO\VKRZQZLWKWKH
KHOSRI WKHIROORZLQJ)LJXUH $OODFWLYLWLHVDUHGLYLGHGLQWR WZRFODVVHV LQ WHUPVRI WLPH3UH
'LVUXSWLRQ RU 3RVW'LVUXSWLRQ 3UH'LVUXSWLRQ DFWLRQV DUH DOVR FDOOHG µ3UHYHQWLRQ¶ DFWLRQV DQG IDOO
ZLWKLQ WKH DUHD RI 5LVN0DQDJHPHQW ZKHUHDV 3RVW'LVUXSWLRQ DFWLRQV DUH DOVR FDOOHG µ5HVSRQVH¶
DFWLYLWLHV DQG DUH EHLQJ GHDOW ZLWK E\ 'LVUXSWLRQ0DQDJHPHQW )RU WKLV UHDVRQ DOO DFWLYLWLHV DQG
PHDVXUHV DUH WDNHQ E\ RUJDQL]DWLRQV LQ RUGHU WR UHGXFH WKH QHJDWLYH LPSDFW RI SRVVLEOH GLVUXSWLRQ
VRPHRIWKHPEHIRUHXQZDQWHGDFWLRQVRPHRIWKHPDIWHU

)LJXUH7KHUHODWLRQVKLSEHWZHHQ5LVN0DQDJHPHQWDQG'LVUXSWLRQ0DQDJHPHQW
%HKGDQL  FRPELQHV GLVUXSWLRQPDQDJHPHQW ZLWK ULVNPDQDJHPHQW E\ FUHDWLQJ DQRWKHU F\FOH
LQVLGHWKHULVNPDQDJHPHQWF\FOH,QVSLWHRIDOOUHTXLUHGDQGSUHYHQWLYHPHDVXUHVXQIRUWXQDWHO\WKH
XQZDQWHGGLVUXSWLRQFDQWDNHSODFH,QFDVHRIGLVUXSWLRQWKHILUVWDFWLRQVKRXOGEHFRPHDZDUHRIWKH
HYHQW LPPHGLDWHO\7KH QH[W SKDVH LV WKH GLVUXSWLRQ UHDFWLRQ SKDVH LQZKLFK SUHGHILQHGPLWLJDWLRQ
SODQVVKRXOGEHDSSOLHG,IWKHVHSODQVDUHQRWHQRXJKWRRYHUFRPHWKHQHJDWLYHHIIHFWRIGLVUXSWLRQ
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WKHH[LVWLQJVWUDWHJLHVVKRXOGEHH[WHQGHGZLWKDOWHUQDWLYHVROXWLRQV7KHODVWSKDVHLV WKHGLVUXSWLRQ
OHDUQLQJSKDVHLQZKLFKOHVVRQVVKRXOGEHWDNHQIURPUHFRYHUHGGLVUXSWLRQLQRUGHUWRXVHLQVLPLODU
VLWXDWLRQV LQ WKH IXWXUH  'LVUXSWLRQ PDQDJHPHQW VWHSV DUH LOOXVWUDWHG LQ GHWDLO ZLWK WKH KHOS RI
IROORZLQJ)LJXUH

)LJXUH7KHRYHUDOOVWUXFWXUHRIDQ,QWHJUDWHG)UDPHZRUN%HKGDQL
 $QWLFLSDWRU\0DQDJHPHQW
1DGLQSURSRVHVDQH[SODQDWRU\VHQWHQFHWRSRLQWRXWWKHOLQNEHWZHHQWKHDQWLFLSDWRU\FRQFHSW
DQGULVN+HVWDWHVWKDWVXFFHVVIXODQWLFLSDWLRQPLWLJDWHVULVN$OVRKHVXJJHVWVWKHDQWLFLSDWLRQEDVHG
ULVNPDQDJHPHQWPHWKRGLQZKLFKDQH[SHULPHQWDOVHWWLQJIRU WKHTXDQWLILFDWLRQRIDQWLFLSDWLRQDQG
VWUXFWXUDOPHDVXUHPHQWVDUHORFDWHG7KHUHIRUH$QWLFLSDWLRQ&KDQJH3ODQQLQJ$&3LVSXWLQWRWKH
5LVN0DQDJHPHQWVLGHDVFDQEHVHHQIURPWKHIROORZLQJ)LJXUH

)LJXUH5HODWLRQVKLSEHWZHHQ$QWLFLSDWRU\&KDQJH3ODQDQG5LVN0DQDJHPHQW
$QHVWLPDWLRQRUSUHGLFWLRQRIWKHIXWXUHLVQRWVXIILFLHQWIRUWKLVVWXG\,WLVQHFHVVDU\WRWDNHDYDLODEOH
LQIRUPDWLRQ IURP WKHIRUHFDVW WHFKQLTXHVDQG LQWHJUDWH WKHPZLWK WKHGHFLVLRQPDNLQJSURFHGXUH LQ
RUGHUWRERWKUHVSRQGRQWLPHDQGLPSURYHH[LVWLQJV\VWHPV7KLVLVWKHJRDORI$&3ZKLFKLVXQGHU
WKHUHPLWRIWKLVGLVVHUWDWLRQUHVHDUFK
$&3 FRXOG EH GHILQHG DV D FRQWLQXRXV SURFHVV WKDW VXSSRUWV HIILFLHQW DQG HIIHFWLYH DVVHVVPHQW RI
FKDQJHVRUSRWHQWLDOULVNVLQFUHDVHVWKHDZDUHQHVVRIWKHVHFKDQJHVDQGLPSURYHVWKHPDQDJHPHQW
RI FKDQJHV ,Q UHYLHZLQJ WKH OLWHUDWXUH WKH DQWLFLSDWRU\ WHUP LV XVHG LQ PDQ\ VFLHQWLILF DUHDV IRU
LQVWDQFH LQ WKH $UWLILFLDO ,QWHOOLJHQFH $, ILHOG DV DQ DQWLFLSDWRU\ DJHQW  $QWLFLSDWLRQ FDQ EH
SHUIRUPHGE\DJHQWVGHSHQGLQJRQVRPHSUHGLFWLRQVSUHGHILQHGUXOHVRUVRPHVWDWLVWLFDOHTXDWLRQV
Development of an Agent Based Modelling and Simulation Tool for  
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
'XERLV LQWURGXFHVFRPSXWLQJDQWLFLSDWRU\V\VWHPV WKDWDUHDEOH WRDQWLFLSDWHZLWKFRPSXWLQJ
SRZHU +H DOVR FODLPV WKDW FRPSXWDWLRQ LV QRW RQO\ UHODWHG WR DUWLILFLDO FRPSXWHUV OLNH D SHUVRQDO
FRPSXWHU EXW DOVR WR QDWXUDO V\VWHPV ZKLFK SHUIRUP FRPSXWDWLRQV 7KHUHIRUH WKH DQWLFLSDWRU\
SODQQLQJFRQFHSWLVFDUULHGRXWE\WKH860LOLWDU\DVDQHZDSSURDFKFDOOHGDQWLFLSDWRU\SODQQLQJ
DQG DGDSWLYH H[HFXWLRQ LQ RUGHU WR H[HFXWH SODQQLQJ SHUIRUPLQJ DQG PRQLWRULQJ SURFHVVHV
VLPXOWDQHRXVO\E\PHUJLQJXVHIXOLQIRUPDWLRQDQGDUWLILFLDOLQWHOOLJHQFHPHWKRGRORJLHV
$VKOH\ DQG 0RUULVRQ  SURYLGH D IORZ FKDUW PRGHO JLYHQ LQ )LJXUH  WR UHFRJQL]H DQG
PDQDJH WKUHDWV DQG RSSRUWXQLWLHV WKLV LV FDOOHG WKH $QWLFLSDWRU\ 0DQDJHPHQW 'HFLVLRQ 3URFHVV
0RGHO ,W DLPV WR PDNH XVH RI NQRZOHGJH DQG H[SHULHQFH WKDW DUH REWDLQHG IURP RXWVLGH WKH
RUJDQL]DWLRQVWROHDGWKHZD\IRUWKHP
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















)LJXUH $QWLFLSDWRU\0DQDJHPHQW'HFLVLRQ3URFHVV0RGHO$VKOH\HWDO
)UDPH/RZ3ULRULW\
,VVXHVIRU0RQLWRULQJ
,GHQWLI\,VVXHV
6FDQQLQJDQG0RQLWRULQJ
6XUIDFHDQG&KDOOHQJH
$VVXPSWLRQ
6WUDWHJLF7UHQG,QWHOOLJHQFH
6\VWHP
,VVXH/LIH&\FOH
,VVXHV9XOQHUDELOLW\$XGLW
6FHQDULR7HFKQLTXH
:ULWH,VVXH%ULHIV
3ULRULWL]H,VVXHV
)UDPH+LJK3ULRULW\,VVXHV
IRU,VVXHV0DQDJHPHQW
6WHS,03URFHVV
,VVXH2ZQHU
,VVXH$FWLRQ7HDP
6LWXDWLRQDO$VVHVVPHQW
6WXG\5HVXOWV
,GHQWLI\6WDNHKROGHUV
2UJDQL]DWLRQDO3RVLWLRQ
6WDNHKROGHU2EMHFWLYHV
2UJDQL]DWLRQDO2EMHFWLYHV
$FWLRQ3ODQ
0HDVXUHPHQW7XQLQJ
3HUIRUPDQFH(YDOXDWLRQ
)UDPH0HGLXP3ULRULW\
,VVXHVIRU
0DLQWHQDQFH3ROLF\
$VVLJQ,Q+RXVH
5HVSRQVLELOLWLHV

*DLQ&RQVHQVXVRQ
&RUSRUDWH,PSDFW

)RUPXODWH&RUSRUDWH3ROLF\
0RQLWRU,VVXHV
&RQWLQXHWR0DLQWDLQRU
2SHUDWLRQDOL]H
33
  


&KDSWHU
&RQFHSWXDOL]LQJDQG5HVHDUFK0HWKRGRORJ\
'HYHORSPHQW
7KLVFKDSWHUDLPVWRVWUXFWXUHDV\VWHPDWLFDSSURDFKIRUDQWLFLSDWRU\FKDQJHSODQQLQJ$&3ZKLFKLV
DQ HVVHQWLDO OHYHORI VWXG\E\ LQWURGXFLQJ WKUHHSODQQLQJSKDVHVZKLFK DUH WKH FKDQJHSODQQLQJ
WRSLFZKLFKFRPSULVHVFRPSUHKHQVLYHLQYHVWLJDWLRQVDERXWDQ\NLQGRIFKDQJHDQGFKDQJHDELOLW\LQ
RUGHU WR RIIHU D EHWWHU XQGHUVWDQGLQJ RI RWKHU FKDSWHUV ,Q DGGLWLRQ SRVVLEOH FKDQJH GULYHUV DUH
DJJUHJDWHGDQGUHSUHVHQWHGLQDFRPSDFWZD\7KHPHDVXUHSODQQLQJVHFWLRQLQZKLFKWKHSURFHVV
FKDLQ PHWKRG LV LQWURGXFHG IRU PHDVXUH LGHQWLILFDWLRQ DQG DOVR 6L[ 6WHSV 3ODQQLQJ WR DVVXUH D
V\VWHPDWLFDSSURDFKIRUH[SHULPHQWDWLRQ)LQDOO\$VVHVVPHQWPRGHOSODQQLQJLVPDLQO\FRPSRVHG
RIPHWKRGVWRHYDOXDWHWKHSURGXFWLYLW\RIWKHLQWUDORJLVWLFVV\VWHP%HIRUHH[SODLQLQJWKHFRPSRQHQWV
RI $&3 LQ PRUH GHWDLO &KDSWHU  VXSSRUWV EDFNJURXQG LQIRUPDWLRQ IRU RWKHU V\VWHPDWLF SODQQLQJ
PHWKRGVWRDQWLFLSDWHFKDQJHVZKLFKKDYHDOUHDG\WDNHQSODFHLQOLWHUDWXUH
 6\VWHPDWLF$SSURDFKIRU$QWLFLSDWRU\&KDQJH3ODQQLQJ
,QRUGHUWRLQFUHDVHWKHSRZHUWRWDNHGHFLVLRQVDFFXUDWHO\DQGTXLFNO\DV\VWHPDWLFGHFLVLRQVXSSRUW
V\VWHP LV UHTXLUHG 8QWLO QRZ YHU\ OLWWOH ZDV IRXQG LQ OLWHUDWXUH RQ WKH FRQFHSW RI V\VWHPDWLF
DQWLFLSDWRU\ FKDQJH SODQQLQJ $VKOH\ DQG 0RUULVRQ  FUHDWHG D IORZ FKDUW WR LGHQWLI\ DQG
VXSHUYLVH SRWHQWLDO WKUHDWV ULVNV RU FKDQJHV WKH\ FDOOHG LW WKH $QWLFLSDWRU\0DQDJHPHQW 'HFLVLRQ
3URFHVV 0RGHO )RU WKH YLVXDOL]DWLRQ RI WKH IORZ FKDUW VHH &KDSWHU  7KH ORJLF EHKLQG WKLV
DQWLFLSDWRU\ GHVLJQ LV ILUVWO\ WR LGHQWLI\ SRVVLEOH LVVXHV XVLQJ GLIIHUHQW WHFKQLTXHV VXFK DV VFHQDULR
SODQQLQJVWUDWHJLFWUHQGVRUFRQWLQXRXVO\VFDQQLQJDQGPRQLWRULQJ6HFRQGO\WKHVHGHWHUPLQHGLVVXHV
DUHSULRULWL]HGRQWKHEDVLVRIPDLQWHQDQFHDQGPDQDJHPHQWOHYHOV7KHQIHDVLEOHDFWLRQVWRWDNHDIWHU
FKDQJHKDSSHQVDUHOLVWHG7KLVDQWLFLSDWRU\PRGHOLVHQYLVLRQHGIRUVWUDWHJLFOHYHOSODQQLQJE\WDNLQJ
LQWRDFFRXQWHQWHUSULVHREMHFWLYHVDVDZKROHUDWKHUWKDQWKHILHOGRILQWUDORJLVWLFVVSHFLILFDOO\
7KH ILUVW HYDOXDEOH DQWLFLSDWRU\ FKDQJH V\VWHP LVSURYLGHGE\ 8\JXQ HW DO ZKLFK LVPRUH
FRQYHQLHQW IRU WKHSURMHFWHGPRGHOZLWKLQ WKHFRQFHSWRI WKLV VWXG\7KHSXUSRVHRI WKLV VWXG\ LV WR
FUHDWH D XWLOL]DWLRQEDVHG VLPXODWLRQ WRRO WKDW HQDEOHV XV WR PDQDJH WKH LQWUDORJLVWLFV V\VWHPV LQ D
FKDQJHDEOH DQG FKDOOHQJLQJ EXVLQHVV HQYLURQPHQW PRUH HIIHFWLYHO\ DQG HIILFLHQWO\  .XKQ HW DO
 7KH SURSRVHG DQWLFLSDWRU\ FKDQJHPRGHO LOOXVWUDWHG EHORZ LQ )LJXUH  LV JHQHUDWHG DQG
WKUHHPDLQVHJPHQWVDUHLQFOXGHGLQWKLVVWUXFWXUHµ3KDVH6HJPHQWV¶UHIHUVWRWKHPDLQSDUWVRIWKH
PRGHO ZKLFK FRQWLQXH LWHUDWLYHO\  7KH µ7DVN 6HJPHQW¶ LV D VHFRQG VHJPHQW LQ ZKLFK WKH
UHVSRQVLELOLWLHVDUHDOORFDWHGDQGDVVLJQHG7KHµ7RRO¶VHJPHQWVKRZVWKHUHTXLUHGPRGHOVQHHGHG
Development of an Agent Based Modelling and Simulation Tool for  
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
WRDFFRPSOLVKWKHDERYHWDVNV7KHVXEVHJPHQWVFDQEHH[SODLQHGDVIORZVLQEULHI7KHDQWLFLSDWRU\
FKDQJHV\VWHPLVILUVWO\EDVHGRQV\VWHPORDGGHWHUPLQDWLRQ7RILQGDQDFFXUDWHDQGUHOLDEOHV\VWHP
ORDG H[SHFWHG DQG XQH[SHFWHG RUGHUV VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ E\ XVLQJ D SDUWLFXODU
VLPXODWLRQPRGHO7KHQH[W VWHS LV DERXW LGHQWLILFDWLRQ RI SRVVLEOH FKDQJH UHTXLUHPHQWV DVZHOO DV
GHWHUPLQLQJERWWOHQHFNRUGHILFLHQFLHVWKDWPLJKWKDYHRFFXUUHGGXULQJDSSOLHGFKDQJHV)RUWKLVVWHS
D VLPXODWLRQ WRRO LV QHHGHG WR VLPXODWH WKH H[LVWLQJ RU SURSRVHG LQWUDORJLVWLFV V\VWHP $IWHU WKH
UHTXLUHGFKDQJHVDUHLPSOHPHQWHGVRPHPHDVXUHVFRXOGEHQHFHVVDU\WRUHJXODWHWKHRQJRLQJV\VWHP
$WWKLVSRLQWPHDVXUHVDQGSUHFDXWLRQVDUHVSHFLILHG%HVLGHVWKDWDPHDVXUHVHOHFWLRQPRGHOVKRXOG
EHRQKDQG LQRUGHU WRHYDOXDWHDOOPHDVXUHV WRFKRRVH WKHPRVW VXLWDEOHRQH ,Q WKH ODVW VWHSV WKH
VHOHFWHGPHDVXUHVRUDFRPELQDWLRQRIPHDVXUHVDUHLPSOHPHQWHGDQGDQHYDOXDWLRQRUDVVHVVPHQWV
V\VWHPLVUHVSRQVLEOHIRUUHSRUWLQJVHYHUDOVWDWLVWLFDODQDO\VHVDERXWQHZVLWXDWLRQV
)LJXUH3KDVHDQGWRROVIRU$QWLFLSDWRU\&KDQJH3ODQQLQJ8\JXQHWDO
,QRUGHUWRLQFUHDVHWKHSRZHUWRPDNHGHFLVLRQVDFFXUDWHO\DQGTXLFNO\DV\VWHPDWLFGHFLVLRQVXSSRUW
V\VWHPLVUHTXLUHG.XKQDQGHWDOVXJJHVWDV\VWHPDWL]HGSODQQLQJSURFHVVH[DPSOHWRPDNH
EHWWHUGHFLVLRQVZKLFKLVH[SODLQHGLQGHWDLOLQ)LJXUHDVIROORZV

)LJXUH7KHV\VWHPDWL]HGSODQQLQJSURFHVV .XKQHWDO.
7KHSURSRVHGSODQQLQJSURFHVVLVILUVWO\GLYLGHGLQWRPDLQSKDVHVWKHSUHSDUDWLRQSKDVHZKLFKGHDOV
ZLWK EHIRUH FKDQJH KDSSHQV DQG WKH DGDSWDWLRQ SKDVH ZKLFK LV PRUH UHODWHG WR DIWHU PHDVXUH
LPSOHPHQWDWLRQ 7KHUH H[LVW IRXU OHYHOV ZKLFK DUH LQFOXGHG LQ WKH SUHSDUDWLRQ SKDVH :KHQ WKH
LQIOXHQFLQJRIFKDQJHLVGHWHFWHGWKHSODQQLQJSURFHVVEHJLQV,QWKHLGHQWLILFDWLRQSKDVHZKLFKLVWKH
Chapter 3 Conceptualizing and Research Methodology Development
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
LQLWLDOSKDVHWKHVSHFLILFDWLRQRIFKDQJHHYHQWLVGHWHUPLQHGDQGFRQYH\HGWKURXJKLQWRWKHDQDO\VLV
SKDVH$VVHVVPHQWVRIWKHIOH[LELOLW\FRUULGRUVDUHFDUULHGRXWWRILQGRXWZKHWKHUWKHH[LVWLQJV\VWHP
LV FDSDEOH RI LPSOHPHQWLQJ WKLV FKDQJH RU QRW ,I D GHFLVLRQ LV WDNHQ WR DSSO\ D PHDVXUH WKH
DSSURSULDWH VFHQDULRV DERXW PHDVXUH W\SH DQG GXUDWLRQ DUH JHQHUDWHG DQG RWKHU DVVHVVPHQWV
FRQFHUQLQJ VFHQDULRV DUH SHUIRUPHG LQ WKH SODQQLQJ SKDVH ,Q WKH VXEVHTXHQW GHFLVLRQ SKDVH WKH
VHOHFWHG FKDQJH VFHQDULRV DUH FDUULHG RXW 7RWK HW DO  DUJXH WKDW WKHVH IRXU VWHSV VKRXOG EH
FRPSOHWHG LQ D VKRUW VSDQRI WLPH WR SURYLGH HQRXJK WLPH IRU WKH DGDSWDWLRQ SKDVH%HVLGHV WKDW D
UHOLDEOHDQGTXLFNGHFLVLRQSOD\VDNH\UROHLIDYDLODEOHIOH[LELOLW\FRUULGRUVDUHQRWVXIILFLHQWIRUWKH
FKDQJHWKDWZLOOEHLPSOHPHQWHGVLQFHPRYLQJWRWKHQHZIOH[LELOLW\FRUULGRUVDOVRQHHGVDGGLWLRQDO
WLPH

)LJXUH7KHVLPXODWLRQEDVHGDQWLFLSDWRU\FKDQJHSODQQLQJIUDPHZRUN*OOHUHWDO
6LPXODWLRQEDVHDQWLFLSDWRU\FKDQJHSODQQLQJLVDQH[WHQVLRQRIWKHVWXG\WKDWEHORQJVWR 8\JXQHW
DOE\LQWHJUDWLQJVLPXODWLRQWHFKQLTXHVWRFUHDWHFDVHVWXGLHVDQGSHUIRUPDQFHDYDLODELOLW\WR
PDNH DVVHVVPHQWV *OOHU HW DO  7KH PRGHO LV FRPSRVHG RI VHYHUDO UHSHWLWLYH SDUWV ZKLFK
PLJKWEHGLVFXVVHGXQGHUWKUHHKHDGLQJV6FHQDULRJHQHUDWLQJLVWKHLQLWLDOSDUWRIDPRGHOLQWKDW
YDULRXV IXWXUH FDVH VFHQDULRV DUH SURGXFHG E\ WDNLQJ LQWR FRQVLGHUDWLRQ SRVVLEOH FKDQJH GULYHUV
XQFHUWDLQW\ VLWXDWLRQV RU SRWHQWLDO ULVN W\SHV ,Q RUGHU WR H[DPLQH WKHVH VFHQDULRV SURGXFW W\SH
TXDQWLW\TXDOLW\FRVWDQGGHOLYHU\WLPHDUHHQWHUHGLQWRWKHVLPXODWLRQ6LPXODWLRQUXQQLQJLVWKH
PDLQ SDUW RI WKH SODQQLQJ PRGHO WR VLPXODWH WKH IXWXUH FDVH LQ RUGHU WR HQDEOH DVVHVVPHQW 7KH
VLPXODWLRQ WRRO ILUVWO\ UXQV WKH H[LVWLQJ VLWXDWLRQ RI WKH LQWUDORJLVWLFV V\VWHP ZLWKRXW DQ\ FKDQJH
LPSOHPHQWDWLRQ:LWKLQWKLVIUDPHZRUNWKHIOH[LELOLW\FRUULGRUVDUHFRQVWUXFWHGWRUHFRJQL]HZKHWKHU
WKH H[LVWLQJ V\VWHP LV DEOH WR KDQGOH WKH FKDQJHV ORFDWHG LQ WKH IXWXUH VFHQDULR ,I LW LV QRW WKH
DSSURSULDWH PHDVXUHV DUH FKRVHQ WR RYHUFRPH WKH GHILFLHQF\ RFFXUUHG FKDQJH H[HFXWLRQ  7KH
PHDVXUHPHQWSDUWLQFOXGHVIOH[LELOLW\FRUULGRUVDQGSHUIRUPDQFHDYDLODELOLW\PHWKRGRORJ\WRFRPSXWH
WKH TXDQWLWDWLYH YDOXH RI PHDVXUHV 7KH SHUIRUPDQFH DYDLODELOLW\ LV D QRYHO TXDQWLILHV PHWKRG WR
HYDOXDWHWKHGHJUHHRIIXOILOPHQWRIWKHV\VWHPDQGFXVWRPHUUHTXLUHPHQWV7KHLQWURGXFHGVLPXODWLRQ
EDVHGDQWLFLSDWRU\FKDQJHSODQQLQJLVGHPRQVWUDWHGLQ)LJXUHDERYH
:LWKLQWKHVFRSHRIWKLVVWXG\$QWLFLSDWRU\&KDQJH3ODQQLQJFRXOGEHGLVFXVVHGXQGHUWKUHHKHDGLQJV
ZKLFKDUH&KDQJH3ODQQLQJZKLFKLQFOXGHVDSDUWLFXODUVLPXODWLRQPRGHOFDOOHG&KDQJH3ODQQLQJ
Development of an Agent Based Modelling and Simulation Tool for  
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
6LPXODWLRQZKLFKLVJHQHUDWHGEDVHGRQDJHQWEDVHGWKLQNLQJ0HDVXUH3ODQQLQJZKLFKLVGHVLJQHG
XVLQJ6L[6WHS3ODQQLQJHPHUJHGIURPSURFHVVFKDLQPHWKRGRORJ\DQG$VVHVVPHQW3ODQQLQJZKLFK
LVFRPSRVHGRIIOH[LELOLW\FRUULGRUVWRPRQLWRUWKHV\VWHPEHKDYLRXUDQGSHUIRUPDQFHDYDLODELOLW\WR
PHDVXUH WKH HQWLUH V\VWHP HIILFLHQF\ &HOOXODU 7UDQVSRUW 6\VWHP VLPXODWLRQ LV FUHDWHG DV D EDVLF
IUDPHZRUNWRFKRRVHDQGLPSOHPHQWPHDVXUHVDQGHYDOXDWHWKHSHUIRUPDQFHRIWKHZKROHV\VWHP7KH
IROORZLQJ)LJXUHVXPPDUL]HVWKH$QWLFLSDWRU\&KDQJH3ODQQLQJDVDYLVXDO

)LJXUH7KHJHQHUDOYLHZRI$QWLFLSDWRU\&KDQJH3ODQQLQJ
 &RQVWUXFWLRQRI&KDQJH3ODQQLQJ
7KHVH GD\V DOO NLQGV RI EXVLQHVVHV KDYH FRQIURQWHG PDQ\ GLIILFXOWLHV ZKHQ UHFRQILJXULQJ WKHLU
RUJDQL]DWLRQVHFRQRPLFDOO\DQGZLWKWKH OHDVWHIIRUWEHFDXVHRIFRQWLQXRXVO\FKDQJLQJ IDFWRUVRQD
VWUDWHJLF WDFWLFDO RU RSHUDWLRQDO OHYHO  2QH UHDVRQ EHKLQG WKLV FKDOOHQJH LV WKH GHILFLHQF\ RI
NQRZOHGJHDERXWFKDQJHW\SHVDQGWKHGULYHUVRIWKHVHFKDQJHV,QRUGHUWRSURYLGHDOONLQGVRIFKDQJH
GULYHUVDVDZKROHIRUWKHSURSRVHG$QWLFLSDWRU\&KDQJH3ODQQLQJSUHYLRXVVWXGLHVZLOOEHH[DPLQHG
DQGDFRPSUHKHQVLYHWDEOHLVSURYLGHGLQWKHIROORZLQJVHFWLRQ
3.2.1 Definition of Change and Changeability 
:LHQGDKO  SURYLGHV WKH IROORZLQJ )LJXUH  LQ RUGHU WR XQGHUVWDQG ZKDW WKH PDLQ FKDQJH
GULYHUVDUHDQGWRGHILQHWKHDSSURSULDWHGHJUHHRIFKDQJHDELOLW\RIWKHP&KDQJHREMHFWVDUHGHVFULEHG
DQGFODVVLILHGRQ WKHEDVLVRI LWVGULYHU VWUDWHJ\ H[WHQVLRQ IRFXVDQG W\SH 0RUH H[SODQDWLRQV IRU
HDFKVWHSDUHJLYHQLQGHWDLODVIROORZV
&KDQJH GULYHUV WULJJHU D SUREDEOH FKDQJH LQ WKUHH GLIIHUHQW ZD\V E\ GHPDQG YRODWLOLW\ YDULHW\ LQ
SURGXFW UDQJH VL]H PRGHO VRPH IXUWKHU SURSHUWLHV DQG PRGLILHG FRPSDQ\ VWUDWHJ\ IRU WKH SULFH
FRPSHWLWLRQRU WDUJHW RI WKHPDUNHWLQJ SODQ7KH VHFRQG VWHSZKLFK LV DEOH WR FKDQJH IRFXV FDQEH
FDWHJRUL]HGLQWRWZRDUHDVLQWHUQDODQGH[WHUQDO,QWHUQDOFKDQJHREMHFWVGHDOZLWKGLVUXSWLRQVFDXVHG
E\ FRPSDQ\LQWHUQDO IDFWRUV VXFK DV PDFKLQH EUHDNGRZQV RU PDQSRZHU XQFHUWDLQW\ ZKHUHDV
FKDQJHDELOLW\RIH[WHUQDOFKDQJHREMHFWVGHDOZLWKHQYLURQPHQWDOIDFWRUVWKDWFDQGLUHFWO\RULQGLUHFWO\
OHDGWRGLVWXUEDQFHVZLWKLQWKHVXSSO\FKDLQVXFKDVQDWXUDOGLVDVWHUVRUSROLWLFDOLQVWDELOLW\7KHQH[W
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VWHSLVDYDLODEOHIRUGHVFULELQJWKHVWUDWHJ\RIFKDQJHLQWHUPVRILWVQHFHVVLW\VXIILFLHQF\DQGZKHWKHU
LWFRXOGEHFRPSHWLWLYHRUQRW7RPHDVXUHWKHH[WHQVLRQRIFKDQJHILUVWO\ WKHOHYHORILPSDFWDUHD
VHFRQGO\ WKH SUHDVVLJQHG IUHTXHQF\ DQG WLPH DOORFDWLRQ IRU HDFK FKDQJH DQG ODVWO\ WKH UHTXLUHG
HIIRUWPXVWEHVSHFLILHGLQWKHIRUPRIHTXLSPHQWODERXUWLPHDUHDH[SHULHQFHDQGNQRZOHGJH7KH
DERYHGHWHUPLQDWLRQVDUHFDUULHGRXWIRUDSDUWLFXODUSURGXFWSURFHVVIDFLOLW\RUZKROHRUJDQL]DWLRQV
ZKLFKDUHFDOOHGFKDQJHREMHFWV$WWKHHQGRIDOOVWHSVWKH3HUIRUPDQFH0HDVXUHPHQW6\VWHPFROOHFWV
DOOIHDWXUHVRIGHWHUPLQDQWRIFKDQJHLQRUGHUWRDVVHVVWKHLPSDFWRIWKHFKDQJHDELOLW\E\ORRNLQJDW
VRPHSDUDPHWHUVLHWKURXJKSXWUDWHRQWLPHGHOLYHU\SHUIRUPDQFHWKHDPRXQWRILQYHQWRU\HWF

)LJXUH&KDQJHGULYHUVDQGWKHLUIXQGDPHQWDOSURSHUWLHV:LHQGDKOHWDO
7KH WHUP µFKDQJHDELOLW\¶ LV PRVW FRPPRQO\ XVHG LQ *HUPDQ OLWHUDWXUH DQG FDQ EH GHILQHG DV WKH
DELOLW\WRFKDQJHZKHQFRPSDQLHVQHHGWRDGRSWWKHLUV\VWHPVWRDQHZVWDWHRIDIIDLUV =DHKHWDO
$OWKRXJKWKHPHDQLQJRIFKDQJHDELOLW\LVFOHDUHQRXJKLQRUGHUWRGLVWLQJXLVKLWIURPVRPH
VLPLODUWHUPVVXFKDVIOH[LELOLW\ UHFRQILJXUDELOLW\DQGDJLOLW\ WKHGHWDLOHGGHILQLWLRQVIRUHDFK WHUP
DUHSURYLGHGEHORZ
5HFRQILJXUDELOLW\
7KHPDLQFRQFHUQRIWKHUHFRQILJXUDELOLW\LVVXHLVWRUHDUUDQJHH[LVWLQJHTXLSPHQWZRUNVWDWLRQVDQG
PDFKLQHV E\ HOLPLQDWLQJ RU FRPELQLQJ VRPH VSHFLILF KDUGZDUH RU VRIWZDUH LQ RUGHU WR DGMXVW WKH
PDQXIDFWXULQJV\VWHPWRGHVLUHGFDSDFLW\.RUHQHWDO'HVSLWHWKHIDFWWKDWUHFRQILJXUDELOLW\
FDQ SURYLGH WKH SRWHQWLDO WR PRGLI\ WKH GLPHQVLRQV EDVHG RQ UHTXLUHPHQWV LWV FRQFHSW GHDOV
H[FOXVLYHO\ZLWKWKHWHFKQLFDODVSHFWRIRUJDQL]DWLRQ
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$JLOLW\
7KHSULQFLSOHEHKLQGµ$JLOH¶PDQXIDFWXULQJV\VWHPVWKLQNLQJLVWRPDWFKG\QDPLFPDUNHWUHTXLUHPHQWV
ZLWKFRPPHUFLDOSDUWQHUVKLSV$QDJLOHPDQXIDFWXULQJV\VWHPLQWHQGVWRSURYLGHDJLOLW\QRWRQO\IRUWKH
PDQXIDFWXULQJGHSDUWPHQWEXWDOVRIRUWKHZKROHFRPSDQ\XVLQJOHDQPDQXIDFWXULQJWHFKQLTXHVWRWDO
TXDOLW\ PDQDJHPHQW 740 DQG EXVLQHVV SURFHVV HQJLQHHULQJ PHWKRGV DOO WRJHWKHU <XVXI HW DO

)OH[LELOLW\
7KHUHLVDODUJHYROXPHRISXEOLVKHGVWXGLHVGHVFULELQJWKHGHILQLWLRQRIIOH[LELOLW\KRZHYHUWKHUHLV
DQ DPELJXLW\ZKLFK FDQ REYLRXVO\ EH VHHQ 6ODFN ZKRSURSRVHGDQ H[SODQDWRU\ GHILQLWLRQ
VWDWHGWKDWWKHVHULHVRIDFFHVVLEOHVWDWHVDQGWKHWLPHDQGFRVWUHTXLUHGIRUPRYLQJIURPRQHSRLQWWR
DQRWKHUDUHPHDVXUHVYDULDEOHV WRDVVHVVZKHWKHUDV\VWHP LV  IOH[LEOHHQRXJKRUQRW$FRQILJXUHG
IOH[LEOHV\VWHPFDQJLYHRUJDQL]DWLRQVWKHIUHHGRPWRHQDEOHPRGLILFDWLRQVZLWKLQVSHFLILHGOLPLWV,Q
RWKHU ZRUGV IOH[LELOLW\ LV WKH RSWLRQ WR FKDQJH LQ SUHGHILQHG GLPHQVLRQV 7KXV ZKLOH WKH V\VWHP
FRPSRQHQWV UHPDLQ FRQVWDQW WKH FRQQHFWLRQV DQG LQWHUDFWLRQV EHWZHHQ WKHVH FRPSRQHQWV FDQ EH
UHDUUDQJHG
&KDQJHDELOLW\
$FRQVLGHUDEOHDPRXQWRI OLWHUDWXUHKDVFRPPRQO\ IHDWXUHG WKH WHUPµFKDQJHDELOLW\¶ZKLFKPD\EH
GHILQHG DV D UHVXOW RI IOH[LELOLW\ PRELOLW\ DQG D YHU\ IDVW FRQYHUVLRQ LQ FRQQHFWLRQ ZLWK KLJK
LQWHJUDWLRQ :LUWK HW DO  $FFRUGLQJ WR WKH GHILQLWLRQ SURYLGHG E\ :LHQGDKO HW DO 
FKDQJHDELOLW\ LVDQDELOLW\RID IDFWRU\ WRUHDFWHIIHFWLYHO\DQGHIILFLHQWO\RQSODQQHGDQGXQSODQQHG
FKDQJHV&RPSDULQJFKDQJHDELOLW\ZLWKRWKHUWHUPVPHQWLRQHGDERYH=DHKHWDOVWDWHVWKDWLW
LVPRUHWKDQUHFRQILJXUDELOLW\EHFDXVHLWLVQRWUHVWULFWHGWRKDUGZDUHRUVRIWZDUHHOHPHQWV'HVSLWH
KDYLQJ WKH VDPH REMHFWLYHV RI DJLOHPDQXIDFWXULQJ FKDQJHDELOLW\ LV QRW DEOH WR XWLOL]HZHOO NQRZQ
WHFKQLTXHVDQGPHWKRGVZKLFKFRXOGRXWZHLJKWKHFRVW&RQWUDU\WRWKHIOH[LEOHV\VWHPFKDQJHDELOLW\
LQFOXGHVDELOLW\WRYDU\LWVRZQVWUXFWXUH&KDQJHDELOLW\PDNHVWKHVZLWFKIURPRQHFRUULGRUWRDQRWKHU
FRUULGRUSRVVLEOHIRUWKHFRPSDQ\LQDVKRUWVSDQRIWLPH:KHUHDVIOH[LELOLW\LVFDSDEOHRIDGDSWLQJ
H[LVWLQJ V\VWHPV LQVLGH FHUWDLQ FRUULGRUV FKDQJHDELOLW\ FDQ HQVXUH WKH FRPSDQ\ LV IOH[LEOH LQ
RULJLQDWLQJQHZFRUULGRUV7KHGLIIHUHQFHEHWZHHQIOH[LELOLW\DQGFKDQJHDELOLW\FDQEHUHDOL]HGIURP
WKHIROORZLQJ)LJXUH
)LJXUH7KHGLIIHUHQFHEHWZHHQ&KDQJHDELOLW\DQG)OH[LELOLW\
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3.2.2 Identification of Change Drivers 
,QHDUO\ OLWHUDWXUH WKHGLIIHUHQFHEHWZHHQXQFHUWDLQW\DQGULVN LVSXWIRUZDUGE\/XFHHWDO 
ZKR VWDWHV WKDW D SUREDELOLW\ FDQ EH JLYHQ IRU WKH ULVN LVVXHZKHUHDV WKH SUREDELOLW\ RI XQFHUWDLQW\
FDQQRW EH NQRZQ+RZHYHU &RYHOOR HW DO  FODULILHG WKH ULVN WHUP DV ³D FKDUDFWHULVWLF RI D
VLWXDWLRQRU DFWLRQZKHUHLQ DQXPEHURIRXWFRPHVDUHSRVVLEOH WKHSDUWLFXODURQH WKDWZLOO RFFXU LV
XQFHUWDLQDQGDWOHDVWRQHRIWKHSRVVLELOLWLHVLVXQGHVLUDEOH´7KH\GLVWLQJXLVKHGWKHXQFHUWDLQW\WHUP
IURPULVNE\VWDWLQJWKDWXQFHUWDLQW\LVDVLWXDWLRQZKHUHDQXPEHURISRVVLELOLWLHVH[LVWDQGRQHGRHV
QRWNQRZZKLFKRQHRIWKHPKDVRFFXUUHGRUZLOORFFXU0RUHUHFHQWVWXGLHVIRULQVWDQFH6LPSVRQ
HWDOVSHFLILHGWKDWULVNLVDQDVVXUHGXQZDQWHGHIIHFWWKDWZLOOKDSSHQLQWKHQHDUIDUIXWXUH
ZLWK D SUREDELOLW\ ZKLOH XQFHUWDLQW\ LV D WHUP WKDW FDQ LQFOXGH D YDULHW\ RI SRVVLEOH ZDQWHG DQG
XQZDQWHG HYHQWV ZLWK PDQ\ SRVVLELOLWLHV $OWKRXJK WKH DERYH PHQWLRQHG GLIIHUHQFH EHWZHHQ
XQFHUWDLQW\ DQG ULVN DSSHDUV WKURXJKRXW WKLV WKHVLV WKH WHUP µULVN¶ RU µXQFHUWDLQW\¶ZLOO UHIHU WR WKH
FKDQJHGULYHU
,QUHFHQW\HDUVWKHUHKDVEHHQDQLQFUHDVLQJDPRXQWRIOLWHUDWXUHRQXQFHUWDLQW\FODVVLILFDWLRQLQWHUPV
RIGLIIHUHQWDVSHFWV&KULVWRSKHUDQG3HFNRIIHUDIXQGDPHQWDOIUDPHZRUNLQZKLFKXQFHUWDLQW\
LV FDWHJRUL]HG EDVHG XSRQ WKH ORFDWLRQRI WKH VRXUFH7KHVH DUH  LQWHUQDO XQFHUWDLQW\ZLWK FDXVHV
LQVLGHWKHFRPSDQ\LQWHUQDOXQFHUWDLQW\SURFHHGLQJIURPRXWVLGHWKHFRPSDQ\DQGHYHQLQVLGHWKH
VXSSO\FKDLQDQGH[WHUQDOXQFHUWDLQW\ZKLFKLVURRWHGRXWVLGHWKHVXSSO\FKDLQVWUXFWXUH
*RQJLPSURYHVWKLVIUDPHZRUNVKRZQLQ)LJXUHE\LQVHUWLQJWKHH[SHFWDWLRQDQGLPSDFWRI
XQFHUWDLQW\SDUDPHWHUV)LUVWO\IURPWKHSRLQWRIWKHXQFHUWDLQW\VRXUFHKHDGGVDQH[WUDORFDWLRQWKDW
LV LQVLGH WKH FRPSDQ\ DQG UHODWHG WR WKH ZDUHKRXVH FRQWURO V\VWHP $FFRUGLQJ WR WKH YDULDQFH
VWUXFWXUHRIXQFHUWDLQW\WKUHHFODVVHVKDYHHPHUJHGILUVWWKHXQSUHGLFWDEOHHYHQWZKRVHSUREDELOLW\RI
RFFXUUHQFH LVYHU\ ORZVXFKDVQDWXUDO ORVVGLVHDVHZDU IORRGDQGH[SORVLRQV VHFRQGSUHGLFWDEOH
HYHQWV WKDW DUH OLNHO\ IRU H[DPSOH ODERU GLVSXWH DQG GHPDQG VHDVRQDOLW\ WKLUG LQWHUQDO YDULDELOLW\
ZKLFK FDQ KDSSHQ DFFLGHQWO\ EHFDXVH RIZDUHKRXVHGDLO\ RSHUDWLRQV VXFK DV YDULDQFH LQ URXWLQJ RU
YDULDQFHLQRUGHUSLFNLQJ$GGLWLRQDOO\WKHWKLUGGLPHQVLRQRIWKHIROORZLQJJUDSKLVFRQFHUQHGZLWK
WKHXQFHUWDLQW\ LPSDFWRQ WKUHH OHYHOV VWUDWHJLF WDFWLFDO DQGRSHUDWLRQDO6WUDWHJLF OHYHOXQFHUWDLQW\
KDV D ORQJ WHUP LPSDFW RQ WKH ZDUHKRXVH DV D ZKROH IRU H[DPSOH WHUURULVP QDWXUDO GDPDJH RU
SDQGHPLF LOOQHVV$OWKRXJK WKHRFFXUUHQFHRI WKLVNLQGRIXQFHUWDLQW\ VRXUFHKDV D ORZSUREDELOLW\
WKH\FRXOGKDYH D VWURQJ LQIOXHQFHRYHU DOO VXSSO\ FKDLQRSHUDWLRQV/DERUGLVSXWHDQG IDFLOLW\ FRVW
FKDQJH WUHQGV FDQ EH JLYHQ DV DQ H[DPSOH IRU WDFWLFDO OHYHO XQFHUWDLQW\ZKLFK FRXOG KDYH HPHUJHG
IURP LQVLGH DQG RXWVLGH WKH ZDUHKRXVH DV ZHOO DV ZLWKLQ WKH VXSSO\ FKDLQ 2SHUDWLRQDO OHYHO
XQFHUWDLQW\WKDWLVGLUHFWO\FRQQHFWHGWRGDLO\RSHUDWLRQVKDVDVKRUW WHUPHIIHFWRQ ODERUHTXLSPHQW
DQGLQWHUQDOFRQWUROSDUDPHWHUV 
Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems
40
 








)LJXUH&KDQJHGULYHUVRIZDUHKRXVHRSHUDWLRQV*RQJ
$OWKRXJK*RQJLPSURYHVFODVVLILFDWLRQRIFKDQJHGULYHUVE\SXWWLQJWKHDVSHFWRILPSDFWDQG
H[SHFWDWLRQ LQWR WKHDERYHJUDSKKHRQO\ WDNHV WKHXQFHUWDLQW\VRXUFHRIZDUHKRXVHRSHUDWLRQV LQWR
FRQVLGHUDWLRQ+RZHYHUWKHXQFHUWDLQWLHVKDYHEHHQORRNHGDWLQDEURDGSHUVSHFWLYH$GGLWLRQDOO\LQ
WKHIROORZLQJJUDSKWKHORFDWLRQVRIVRXUFHKDYHEHHQHQODUJHGZLWKWKHFRPELQDWLRQRI&KULVWRSKHU
HWDO¶VVWXG\,QVLGHWKHVXSSO\FKDLQFODVVIRUH[DPSOHLVGLYLGHGLQWRWZRJURXSV'HPDQG
DQG6XSSO\ ,QRWKHUZRUGVFXELFDO)LJXUH LVFDSDEOHRI VKRZLQJ IRXUGLIIHUHQWDVSHFWVRIHDFK
FKDQJHGULYHULQDFRPSDFWIRUP)RULQVWDQFHQDWXUDOORVVRUFDWDVWURSKLFORVVLVDFFHSWHGXQGHUDQG
RXWVLGHRIWKHVXSSO\FKDLQDQGWKHVWUDWHJLFGHFLVLRQFDWHJRU\DVDQHQYLURQPHQWDODQGXQSUHGLFWDEOH
FKDQJH%HVLGHVWKDWWKHJUDSKEHORZLVHODERUDWHGE\JLYLQJPDQ\H[DPSOHV

7RSURYLGHPRUHXQGHUVWDQGLQJDERXWWKHFXELFDOILJXUHEHORZHYHQLIWKHPDLQFDWHJRULHVRIFKDQJH
GULYHUKDVDOUHDG\EHHQH[SODLQHGDFRPSUHKHQVLYHH[SODQDWLRQZLOOEHJLYHQDERXWWKHORFDWLRQRIWKH
VRXUFHFDWHJRU\DVIROORZV 
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)LJXUH$OOFKDQJHGULYHUVH[WHQGHGYHUVLRQRI*RQJDQG&KULVWRSKHUHWDO
(QYLURQPHQWDOXQFHUWDLQW\ VWHPV IURPDQ\GLVUXSWLRQV DQG IDLOXUHV RXWVLGH WKH VXSSO\ FKDLQ HJ
FDWDVWURSKLF ORVV VRFLDO FULVLV SURWHVW VDERWDJH ZDU ILQDQFLDO FULVLV DQG WHFKQRORJLFDO
LQFRPSDWLELOLW\HWF
'HPDQGXQFHUWDLQW\UHSUHVHQWVLQFRPSDWLELOLW\EHWZHHQQRWRQO\SUHGLFWHGGHPDQGE\WKHFRPSDQ\
DQGWKHDPRXQWUHTXLUHGE\WKHFXVWRPHUEXWDOVRLQIRUPDWLRQDQGPRQH\EHWZHHQWKHORFDOFRPSDQ\
DQGWKHPDUNHWHJIRUHFDVWLQJHUURUVGHPDQGIOXFWXDWLRQVXQVWDEOHPDUNHWVHWF
6XSSO\ XQFHUWDLQW\ LV FRQFHUQHG ZLWK DQ\ XQSUHGLFWDEOH GLVUXSWLRQV RU IDLOXUHV RI SURGXFW DQGRU
VHUYLFH IORZ IURP VXSSOLHUV HJ ZURQJ VXSSOLHU FKRVHQ VXSSOLHU VWULNH TXDOLW\ SUREOHPV LQ UDZ
PDWHULDOHWF
3URFHVV XQFHUWDLQW\ LV UHODWHG WR DQ\ GLVUXSWLRQV DQG IDLOXUHV RI UHVRXUFHV ,I DQ\ PDLQWHQDQFH LV
UHTXLUHG DOO UHSDLU RSHUDWLRQV DUH FDUULHG RXWZLWKLQ WKH LQGLYLGXDO FRPSDQ\ HJ EUHDNGRZQ LQ ,7
V\VWHPVLQGXVWULDODFFLGHQWVHWF
&RQWUROXQFHUWDLQW\GHYHORSVIURPVRPHPLVDSSOLHGUXOHVSURFHGXUHVRUVWUDWHJLHVZKLFKDUH
HVWDEOLVKHGWRFRQWURODQGUHJXODWHLQWHUQDOSURFHVVHVHJSLFNLQJVWUDWHJ\RUGHUSROLF\LQYHQWRU\
PDQDJHPHQWHWF
 &RQVWUXFWLRQRI0HDVXUH3ODQQLQJ
0LWLJDWLRQ VWUDWHJLHV DUH XVHG DV D PHDVXUH WR LGHQWLI\ KRZ WR SUHYHQW D SUREOHP RU GHFUHDVH WKH
QHJDWLYHHIIHFWRIWKHSUREOHPDIWHULWRFFXUVZLWKLQWKHULVNPDQDJHPHQWFRQFHSW+RZHYHUPHDVXUH
SODQQLQJLVGLIIHUHQWIURPPLWLJDWLRQ)LUVWO\DQXPEHURIDUWLFOHVDGGUHVVWKHVHVWUDWHJLHVZKLFKZLOO
EHKLJKOLJKWHGDVIROORZV 6HFRQGO\ WKH3URFHVV&KDLQ0HWKRGRORJ\ZLOOEHLQWURGXFHG LQRUGHU WR
PHDVXUH GHWHUPLQDWLRQ /DVWO\PRUH H[SODQDWLRQ DERXW 6L[ 6WHSV 3ODQQLQJ LV JLYHQ LQ RUGHU WR SXW
IRUZDUGDV\VWHPDWLFDSSURDFKWRVHDUFKLQJIRUWKHDSSURSULDWHPHDVXUH
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3.3.1 Identification of Measures 
&KRSUD HW DO  GHVFULEH KRZ RUJDQL]DWLRQV FRXOGPLWLJDWH SRVVLEOH ULVN DQG XQFHUWDLQWLHV E\
XVLQJ WKH IROORZLQJ VWUDWHJLHV QDPHO\ DGG FDSDFLW\ DFTXLUH UHGXQGDQW VXSSOLHUV LQFUHDVH
UHVSRQVLYHQHVVDGGLQYHQWRU\LQFUHDVHIOH[LELOLW\SRRORUDJJUHJDWHGHPDQGDQGLQFUHDVHFDSDELOLW\
7KHVH VWUDWHJLHV DUH FRQFHUQHG SULPDULO\ZLWK WKH VRXUFH RI GHPDQGVLGH DQG VXSSO\VLGH ULVN )RU
7DQJWKHULVNUHVSRQVHDSSURDFKLVLQIRXUVWDJHV6XSSO\PDQDJHPHQWLQZKLFKE\KDYLQJ
PXOWLSOH VXSSOLHUV H[WUD LQYHQWRU\ RSWLRQV FDQ EH DSSOLHG WR HOLPLQDWH RU DW OHDVW UHGXFH WKH
XQIDYRXUDEOH VXSSO\ HIIHFWV 3URGXFWPDQDJHPHQWPLWLJDWLRQ VWUDWHJLHV FRXOGEHXVHG WR LQFUHDVH
WKHYDULHW\RISURGXFWUDQJHVGLIIHUHQWLDWHSRVVLEOHSURGXFWJURXSVRUWRLQWHJUDWHG\QDPLFDVVRUWPHQW
SODQQLQJ  'HPDQG PDQDJHPHQW DLPV WR FRSH ZLWK WKH XQFHUWDLQW\ RI GHPDQG ZKLFK FRQWDLQV
IRUHFDVWLQJ DQG G\QDPLF SULFLQJPLWLJDWLRQ WHFKQLTXHV  ,QIRUPDWLRQPDQDJHPHQW LV DYDLODEOH WR
RYHUFRPH WHFKQRORJLFDO RU UHODWHG SUREOHPV E\ XVLQJ LQIRUPDWLRQ VHFXULW\ WUDQVSDUHQF\ RU
FROODERUDWLRQPHWKRGV
2QH DUHD WKDW GHVHUYHV PRUH H[SODQDWLRQ LV WKH GLVWLQFWLRQ EHWZHHQ µPLWLJDWLRQ VWUDWHJLHV¶ DQG
µPHDVXUHV¶7KHGLIIHUHQFHEHWZHHQWKHVHWZRWHUPVH[KLELWWKDWPLWLJDWLRQVWUDWHJLHVIRFXVPDLQO\RQ
KRZ WR OHVVHQ WKH XQGHVLUHG LQIOXHQFH RI ULVN DQG XQFHUWDLQW\ VXFK DV GDPDJH KD]DUG FULVLV RU
LQFRPSDWLELOLW\&RQWUDU\WRWKHGHVFULEHGPLWLJDWLRQVWUDWHJLHVZLWKLQWKHVFRSHRIWKLVVWXG\WKHWHUP
µPHDVXUH¶KDVFRPHWREHXVHG WRUHIHU WRDQ\SUHFDXWLRQDU\EHKDYLRXULQUHVSRQVH WR WKHSHUFHLYHG
QHHGRIFKDQJHDELOLW\
7KURXJKWKHIROORZLQJ7DEOHZKLFKFRQWDLQVVRPHSRVVLEOHPHDVXUHDOWHUQDWLYHVSURYLGHGIURP
WKHSURFHVVFKDLQPHWKRGRORJ\ WKHFRPSDQLHVVKRXOGEHDEOH WR LGHQWLI\ WKHPHDVXUHV IRU WKHVKRUW
WHUPPLGGOH WHUP DQG ORQJ WHUP GXUDWLRQ$OVR WKH\ FDQ KDYH DQ DEVROXWH LGHD RIZKDWPHDVXUHV
PLJKWKDYHDQLQIOXHQFHRQFDSDFLW\FRVWRUHYHQWKURXJKSXWUDWH
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
7KH0HDVXUH)LOWHU0RGHO
8\JXQ DQG /XIW  KDYH GHYHORSHG D PRGHO WR FKRRVH WKH PRVW DSSURSULDWH PHDVXUH
V\VWHPDWLFDOO\FDOOHGWKHPHDVXUHILOWHUPRGHO,WLVFRPSRVHGRIWKUHHSDUWVPHDVXUHVVWRUHIOH[LELOLW\
PDWUL[DQGUDWLQJV\VWHP,QWKHPHDVXUHVWRUHSDUWDOOSRVVLEOHPHDVXUHVDUHGLYLGHGLQWRIRXUJURXSV
DFFRUGLQJ WR WKH UHOHYDQFH RI SURFHVV FKDLQ FRPSRQHQWV ZKLFK DUH FRQWURO PHDVXUHV VWUXFWXUH
PHDVXUHVSURFHVVPHDVXUHVDQGUHVRXUFHPHDVXUHV






)LJXUH6\VWHPDWLF0HDVXUH)LOWHUPRGHO8\JXQHWDO

7KHIOH[LELOLW\PDWUL[LQFOXGHVILYHILOWHUVDQGLVXVHGWRVKRZKRZWRUHDFKWKHRSWLPXPPHDVXUHVHH
WKH DERYH )LJXUH   ,)LOWHU LV DYDLODEOH WR XQGHUVWDQG WKH GHJUHH RI LQWHUGHSHQGHQF\ DPRQJ
PHDVXUHV))LOWHULVGHVLJQHGWRWHVWKRZHDV\WKHLPSOHPHQWDWLRQRIWKHDERYHPHQWLRQHGPHDVXUH
LVE\ORRNLQJDWOHJDOUHTXLUHPHQWVSK\VLFDOFRQGLWLRQVSK\VLFDODGMXVWPHQWHWF=)LOWHUTXDQWLILHV
WKH UHTXLUHG WLPH GXUDWLRQ ZKLFK FRQVLVWV RI DFTXLVLWLRQ WLPH LPSOHPHQWDWLRQ WLPH DQG UHVROXWLRQ
WLPH .)LOWHU HYDOXDWHV WKH SRVVLEOHPHDVXUHV EDVHG RQ ILQDQFLDO DVSHFWV FDXVHG E\ VHWXS FRVWV
UHVROXWLRQFRVWV DQGDSSOLFDWLRQFRVWV/DVWO\ 4)LOWHU LV LQVHUWHG LQ WKHPRGHO WR VWUHQJWKHQDQG
HYDOXDWH WKH OHYHO RI FRQWULEXWLRQ LQ WHUPV RI TXDOLW\ DQG  FRQVLGHUV SURFHVV PDQDJHPHQW VRFLDO
LQWHJUDWLRQDQGORDGFDSDFLW\SDUDPHWHUVLQRUGHUWRGHFLGHRQZKLFKPHDVXUHLVPRUHVXLWDEOH7KH
ILQDO SDUW RI WKHPRGHO LV D UDWLQJ V\VWHP WKDW DFFXPXODWHV DOO QXPHULF YDOXHV ZKLFK DUH DVVLJQHG
GXULQJPHDVXUHDVVHVVPHQWDQGUHSUHVHQWVWKHPRVWDSSURSULDWHPHDVXUHIRUWKHHQFRXQWHUHGSUREOHP
$QH[DPSOHRIDPHDVXUHILOWHUPRGHOZLWKQXPHULFDOYDOXHVLVGHPRQVWUDWHGLQ7DEOH

 
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

7DEOH$QH[DPSOHRIWKHILOWHUDQDO\VLVRIDOWHUQDWLYHPHDVXUHV
3UREOHP %RWWOHQHFNRQ:RUNVWDWLRQ 
3UREOHP
6RXUFH
5HVRXUFHV ;
3URFHVV 
6WUXFWXUH 
&RQWURO 
3URFHVV 8UJHQW ;&KURQLF 
0HDVXUH
$GGQHZZRUNVWDWLRQ      
,)
LOWH
U
'HFUHDVHRIRUGHUVSHUZRUNVWDWLRQ      
,QFUHDVHVSHHGRIWKHZRUNHU      
$GGQHZZRUNHU      
'LVWDQFHEHWZHHQVWRUDJHDQGZRUNVWDWLRQ      
0RYHVKXWWOHVRQWRDQRWKHUZD\      
6ROXWLRQ 0RYHVKXWWOHVRQWRDQRWKHUZD\
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UNV
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)OH[LEOH
4XDOLILFDWLRQ      
))
LOWH
U/HJDOUHTXLUHPHQW      
3K\VLFDOFRQGLWLRQ      
3K\VLFDODGMXVWPHQW      
6SHFLILFIOH[LELOLW\      
7DUJHW
7ULDQJOH
6KRUWLPSOHPHQWDWLRQSHULRG       
=
)LO
WHU

$FTXLVLWLRQWLPH       
,PSOHPHQWDWLRQWLPH       
5HVROXWLRQWLPH       
/RZ&RVW       
.
)LO
WHU

6HWXSFRVW       
5HVROXWLRQFRVW       
$SSOLFDWLRQFRVW       
+LJKDFKLHYHPHQWFRQWULEXWLRQ       
4
)LO
WHU

3URFHVVPDQDJHPHQW       
6RFLDOLQWHJUDWLRQ       
/RDGFDSDFLW\       
7RWDOWDUJHWWULDQJOH        7RWDO
,PSRUWDQFH
$EVROXWHO\        
5HODWLYH        
5DQNLQJ        
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
'XHWRWKHSUHVHQFHRIDKLJKQXPEHURISDUDPHWHUVDQGUHODWLRQVWKDWVKRXOGEHWDNHQLQWRDFFRXQW
FRQVHFXWLYHO\ WKLVPHDVXUHILOWHUPRGHO LVQRWFDSDEOHRISURYLGLQJ WKHUHTXLUHGSHUIRUPDQFH(YHQ
WKRXJKVHOHFWLQJ WKHPRVWVXLWDEOHPHDVXUHFRQFHSWLV LQFOXGHGZLWKLQWKHVFRSHRIWKLVGLVVHUWDWLRQ
WKHPHDVXUHILOWHUPRGHOZLOOQRWEHXVHGDORQJZLWKWKLVVWXG\
3.3.2 The Process Chain Model for Measures Determination 
7KHSURFHVVFKDLQDSSURDFKLVURRWHGLQ3RUWHU¶VQRWLRQRIWKHYDOXHFKDLQ%OHFNHQKRZHYHU
.XKQKDVPDGHLWZLGHO\NQRZQ+HDOVRSRLQWVRXWWKDWWKHLQLWLDOSRLQWRIWKLVPRGHOLVWKDW
WKH ZHOONQRZQ SURFHVV FKDLQ HOHPHQWV GLVSOD\ V\VWHP EHKDYLRXU IURP WKH SRLQW RI WUDQVIRUPDWLRQ
ORJLF.XKQ7KHSURFHVVFKDLQPRGHOLVFUDWHGEDVHGRQDSXUHO\SURFHVVRULHQWHGSHUVSHFWLYH
%HVLGHVWKDW1\KXLVHWDOFODLPWKDWWKHSURFHVVFKDLQPRGHOLVDPRGHOZKLFKLVGHYHORSHG
HVSHFLDOO\WRLOOXVWUDWHDQGGHVLJQPHUHO\IRUWKHORJLVWLFVSURFHVV0RUHRYHUWKHSURFHVVFKDLQPRGHO
DSSURDFKKDVDQXPEHURIDWWUDFWLYHIHDWXUHVDVIROORZV
/RJLFDO DQG VHTXHQWLDO IHDWXUHV FRQVWUXFW D FRQILJXUDWLRQ IURP LQGLYLGXDO SURFHVVHV WR GHVFULEH
FRPSDQLHVLQDZHOOVWUXFWXUHGDQGFRQWUROODEOHPHWKRG7KLVIHDWXUHSURYLGHVRQHZD\WRXQGHUVWDQG
DOOYDULHW\RIRSHUDWLRQVZLWKRXWDQ\FRPSOH[LW\DQGWKLVXQGHUVWDQGLQJFDQEHXVHGWRPDQDJHWKH
ZKROHV\VWHP
3UHIHUDEOHYLVXDOL]DWLRQDELOLW\HQDEOHV\RX WRREWDLQDSUHIHUDEOHYLVXDOL]DWLRQDQGDQDO\VLVRIWKH
HQWLUH V\VWHP ,Q DQ\ FDVH WKH IXQGDPHQWDO LGHD RI WKH SURFHVV FKDLQ LV WR RIIHU D FRPELQHG
UHSUHVHQWDWLRQZLWKSURFHVVHVDQGWKHLUUHODWLRQVDOOWRJHWKHU
7KHWLPHRULHQWHGYLHZPHDQV WKDWDOOSURFHVVHVDQGVXESURFHVVHVDUHDUUDQJHG LQ WLPHRUGHU ,W
IDFLOLWDWHVIROORZLQJWKHV\VWHPORDGPDWHULDORULQIRUPDWLRQIORZLQDQHDV\ZD\
7KH LQWHJUDWHG V\VWHP DSSURDFK PDNHV DYDLODEOH D KROLVWLF LOOXVWUDWLRQ RI HDFK SURFHVV ZKLFK
FRQVLVWVRIUHODWHGUHVRXUFHVSUHGHWHUPLQHGUXOHVLQSXWRXWSXWLQIRUPDWLRQDQGLWVVWUXFWXUH
6HOIVLPLODULW\ SURSHUW\ PHDQV WKDW DOO FRPSDQ\ RSHUDWLRQV DUH GHVFULEHG WKURXJK WKH VDPH
SDUDPHWHUVZKLFK DUH DOVR FDOOHG SRWHQWLDO FODVVHV%HFDXVH RI WKLV LW LV SRVVLEOH WR H[SDQG RQ WKH
SURFHVVFKDLQE\EUHDNLQJDSDUWLFXODUSURFHVVLQWRLWVVXESURFHVVHV
8QWLO QRZ WKH SURFHVV FKDLQ DSSURDFK KDV EHHQ HIIHFWLYHO\ LPSOHPHQWHGZLWK VXFFHVV IRU D ODUJH
QXPEHU RI DSSOLFDWLRQ DUHDV VXFK DV ORJLVWLFV VXSSO\ FKDLQ PDQXIDFWXULQJ DQG SURGXFWLRQ ILHOGV
ZKLFKLQWXUQFDQEHXWLOL]HGE\XVHUVZKRDUHHLWKHUIDPLOLDUZLWKLWGLUHFWO\RUDOWHUQDWLYHO\ZKRGR
QRWKDYHDQ\H[SHULHQFHLQWKHLUSUHYLRXVDFWLYLWLHV%OHFNHQ







)LJXUH7KHSURFHVVFKDLQHOHPHQW
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
7KHSURSHUWLHVRIHDFKSURFHVVFDQEHGLVFXVVHGXQGHUIRXUHOHPHQWVDVVKRZQLQ)LJXUH7KHVH
DUH SURFHVV VWUXFWXUH UHVRXUFH DQG FRQWURO ,Q DGGLWLRQ HYHU\ VLQJOH HOHPHQW FRQWDLQV VXE
FRPSRQHQWVDQGRQHSURFHVVLVWRWDOO\FRPSRVHGRIVHYHQWHHQGLIIHUHQWVXEFRPSRQHQWVDOVRFDOOHG
SRWHQWLDOFODVVHV,QWKHEHORZ7DEOHHODERUDWLYHH[SODQDWLRQVDUHSURYLGHGIRUDOOSRWHQWLDOFODVVHV
RQ WKH EDVLV RI WKH IROORZLQJ VWXGLHV -XQJPDQQ HW DO  %OHFNHQ  DQG *OOHU HW DO

7DEOH3RWHQWLDOFODVVHVRIWKHSURFHVVFKDLQPRGHO
 3DUDPHWHU 'HVFULSWLRQ
3URFHVVHV
 3URFHVVVWUXFWXUH 'HILQHV VXE SURFHVVHVZKLFK DUH JHQHUDWHG WR VKRZ VPDOO WDVNVV\VWHPDWLFDOO\DQGVKRZVWKHIORZEHWZHHQSURFHVVHV
 6RXUFH
&UHDWHV SHUIRUPDQFH REMHFWV LQSXW WKDW IORZ WKURXJK WKH
SURFHVVHV RI WKH V\VWHP 7KH DWWULEXWHV RI WKH VRXUFH DUH REMHFW
W\SHWKHDPRXQWRIREMHFWFRVWDQGTXDOLW\RIREMHFW
 6LQN
'HOLYHUV WKH FRQYHUWHG SHUIRUPDQFH REMHFW LQWR HLWKHU LQVLGH RI
DQRWKHUSURFHVVRUDVD VRXUFHRUHQGSURFHVV VXFKDVFXVWRPHU
DQGVXSSOLHU
6WUXFWXUH
 /D\RXW 'HILQHV WKH OD\RXW RI WKH HQWHUSULVH DQG VHWV XS GLIIHUHQWW\SHVRIWKHWRSRORJ\VWUXFWXUH
 2UJDQL]DWLRQDOVWUXFWXUH $VVLJQVWKHUHVSRQVLELOLW\IRUHDFKSURFHVV
 &RPPXQLFDWLRQVWUXFWXUH
'HVFULEHV WKH LQIUDVWUXFWXUH RI LQIRUPDWLRQ IORZV DQG WKHLU
FRPSRQHQWV
5HVRXUFHV
 3HUVRQQHO 5HIHUV WR DOO ODERXUHUV RU ZRUNHUV ZKR DUH ZRUNLQJ GLUHFWO\ LQRUGHUWRIXOILOWKHDVVLJQHGWDVN
 6SDFH ,GHQWLILHV VSHFLDO DUHDV DQG ILHOGV IRU HDFK SURFHVV DQGPHDVXUHVWKHIORZDPRXQWZLWKLQWKHVHDUHDV
 ,QYHQWRU\
4XDQWLILHV WKH DPRXQW RI VWRFNV ZKLFK LQFOXGHV WHPSRUDU\ DQG
SHUPDQHQW SURGXFWV DVZHOO DV UDZPDWHULDOV DQG VHPLILQLVKHG
SURGXFWV
 0HDQVRISURGXFWLRQ 7KH SHUIRUPDQFH REMHFWVZKLFK DUH XVHG GLUHFWO\ GXULQJ SURGXFWWUDQVIRUPDWLRQHJZRUNVWDWLRQV
 $X[LOLDU\PHDQVRISURGXFWLRQ
0HDQVSHUIRUPDQFHREMHFWVLQZKLFKWKHSHUIRUPDQFHREMHFWVDUH
FDUULHGRUWUDQVSRUWHGHJSDOOHWVELQV
 2UJDQL]DWLRQDOUHVRXUFHV 0HDQV HTXLSPHQW WKDW LV XWLOL]HG IRU LQIRUPDWLRQ VHUYLFHV HJFRPSXWHUSULQWHU
&RQWUROOLQJ
 1RUPDWLYHOHYHO
,QFOXGHV VWUDWHJLF UXOHV YDOXHV DQG WKH SKLORVRSK\ RI WKH
FRPSDQ\7KHPLVVLRQDQGJRDOVDUHGHILQHGFOHDUO\WRUHIOHFWWKH
RWKHUOHYHO
 $GPLQLVWUDWLRQOHYHO
(VWDEOLVKHV DQ LQWHUIDFH IRU FXVWRPHUV DQG VXSSOLHUV DQG FROOHFWV
DOO RUGHUV LQ D SRRO WR FRQYH\ WKH OLVW RI RUGHUV WR WKH VXEOHYHO
FRQWUROVWDJH
 3ODQQLQJOHYHO 0DNHVDSODQWRGHOLYHUWKHFRQILUPHGRUGHUVRQDSUHGHWHUPLQHGGDWHDQGRSWLPL]HVDOOSURFHGXUHV
 1HWZRUNOHYHO 'HDOV ZLWK DOO WKH DUUDQJHPHQW DQG FRRUGLQDWLRQ RI UHVRXUFHV WRPDLQWDLQSURFHVVHVDQGWRILQGDOWHUQDWLYHVROXWLRQVLIQHHGHG
 &RQWUROOHYHO 2EVHUYHV WKH SURFHVVLQJ SHULRG WR DQDO\VH ZKHWKHU WKH UXOHV DUHDSSOLHGRUQRWDQGUHSRUWVFRQILUPDWLRQRIFRPSOHWLRQ
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3.3.3 The Six Steps Planning Method 
7KHSURFHVVFKDLQDSSURDFKGRHVQRWPHUHO\ LPSO\ WKDWWKHFRPSDQ\FDQ WDNHDGYDQWDJHRILWVKLJK
YLVXDOL]DWLRQIHDWXUHRUKROLVWLFVWUXFWXUHWRLPSURYHXQGHUVWDQGLQJ%HVLGHVLWKDVEHHQXVHGWREXLOG
XS D SODQQLQJ PHWKRGRORJ\ ZKLFK SHUIRUPV LWHUDWLYHO\ ZLWK WKH KHOS RI WKH DERYHPHQWLRQHG
VHYHQWHHQSURFHVVFKDLQVXEFRPSRQHQWV,WZRXOGEHHDVLHUWRPDNHDQDQDO\VLVDQGILQGVROXWLRQVIRU
DOO FRPSDQLHV ZKHQ WKH\ IDFH DQ XQH[SHFWHG HYHQW NQRZLQJ D ORJLFDO OLQN EHWZHHQ WKRVH
VXEFRPSRQHQWVDQGLGHQWLI\LQJWKHSULRULWLHVIRUWKHILUVWUHVSRQVHVWUDWHJ\$WWKLVSRLQWWKHSURFHVV
FKDLQPRGHORIIHUVWKH6L[6WHSV3ODQQLQJ663PHWKRGZKLFKSURYLGHVDUHSHWLWLYHF\FOHZLWKWKH
VWDQGDUGL]HGSDUDPHWHUVLQHDFKOHYHOVKRZQLQ)LJXUH
   
  a)       b) 
)LJXUHD7KHFRPSRQHQWVRIWKHSURFHVVFKDLQEWKURXJKWKHSURFHVVFKDLQWKH6L[6WHSV
3ODQQLQJ663
7RSURYLGHDEHWWHUXQGHUVWDQGLQJRI663HDFKPDLQFODVVDQGVXEFODVVLVH[SODLQHGV\VWHPDWLFDOO\
LQGHWDLOIURPWKHSRLQWRIPHDVXUHSODQQLQJDQGLGHQWLILFDWLRQDVIROORZV


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'HILQLWLRQRIWKHV\VWHPORDG
7KHV\VWHPORDGFDQEHGHILQHGDVDQREMHFWZKLFKWUDQVIRUPVEHWZHHQWKHVRXUFHDQGVLQNRISURFHVV
7KHUH DUH ILYH VHSDUDEOH IHDWXUHV RI WKH V\VWHP ORDG ZKLFK DUH SURGXFW W\SH WKH TXDQWLW\ RI WKH
SURGXFWWKHTXDOLW\RIWKHSURGXFWDQGFRVWDQGWLPHSDUDPHWHUV$FRQILUPHGRUGHULVDQH[DPSOHRI
WKHV\VWHPORDGZKLFKFRQWDLQVZLWKLQLWVHOI WKHDPRXQWRILWHPVLQVLGHWKHRUGHUDQGWKHGHPDQGHG
LWHPW\SHWKHTXDOLW\OHYHORIHDFKLWHPWRWDOFRVWDQGWKHGHOLYHU\WLPHRIWKHRUGHU

3URFHVVSODQQLQJ
7KHVHFRQGSKDVHRIWKHVL[VWHSSODQQLQJPHWKRGLVWRJHQHUDWHDOOPDLQDQGVXESURFHVVHV$PDLQ
UHTXLUHPHQWLVWRGHWHUPLQHWKHULJKWFRQQHFWLRQEHWZHHQSURFHVVHVDQGDUUDQJHWKHPLQFKURQRORJLFDO
RUGHU$VPHQWLRQHGDERYHHYHU\SURFHVVKDVDVRXUFHSDUDPHWHUZKLFKFUHDWHVSHUIRUPDQFHREMHFWV
DQG D VLQN SDUDPHWHU ZKLFK FRQYH\V WKH WUDQVIRUPHG SHUIRUPDQFH REMHFWV LQWR DQRWKHU SURFHVV
+RZHYHUWKHSHUIRUPDQFHREMHFWLVGLIIHUHQWIRUHDFKSURFHVV)RUH[DPSOHLQDQXQORDGLQJSURFHVV
FKDLQ SDOOHWV DUH XQORDGHG IURP WUXFNV LQ RUGHU WR WUDQVSRUW WR WKH GHSDOOHWL]LQJ DUHD:LWKLQ WKLV
XQORDGLQJWLPHSHULRGWKHSDOOHWVDUHDFFHSWHGDVDSHUIRUPDQFHREMHFW+HQFHWKHSHUIRUPDQFHREMHFW
VKRXOGEHGHILQHGIRUHDFKSURFHVVWRFUHDWHSURGXFWDQGPDWHULDOIORZ'LIIHUHQWIURPSDOOHWHPSW\
IXOOKDOIIXOOELQRUGHUER[DQGWUXFNPLJKWEHJLYHQDVDQH[DPSOHIRUWKHSHUIRUPDQFHREMHFW

3ODQQLQJRIWKHRUJDQL]DWLRQDOVWUXFWXUH
,Q WKLV VWHS WKH GHVLJQ RI WKH RUJDQL]DWLRQ FKDUW LV HVWDEOLVKHG E\ DOORFDWLQJ UHVSRQVLELOLW\ WR HDFK
SURFHVV  7R PDLQWDLQ EHWWHU SHUIRUPDQFH IURP WKLV PRGHO HDFK RSHUDWLRQ VKRXOG EH XQGHU RQH¶V
FKDUJH0RUHRYHU LW LV REYLRXV WKDW WKH DVVLJQPHQWRI UHVSRQVLELOLW\PDNHV UHVSRQGLQJHDV\GXULQJ
IDLOXUHRUDQ\FKDQJHWKDWKDSSHQV

5HVRXUFHSODQQLQJ
7KHUHVRXUFHSODQQLQJVWHSLVWKHIRXUWKVWHSLQZKLFKWKHQHFHVVDU\UHVRXUFHVDUHDOORFDWHGIRUHDFK
SURFHVV  $OO NLQGV RI UHVRXUFHV FDQ EH FROOHFWHG XQGHU ILYH FODVVHV WKHVH DUH  SHUVRQQHO VSDFH
LQYHQWRU\PHDQVRISURGXFWLRQDX[LOLDU\PHDQVRISURGXFWLRQDQGRUJDQL]DWLRQDOUHVRXUFHVZKLFKDUH
H[SODLQHG LQ GHWDLO LQ 7DEOH  DERYH +DYLQJ D FRPSUHKHQVLYH NQRZOHGJH RI UHVRXUFHV IRU WKH
FRQFHUQLQJSURFHVVSURYLGHVDQDELOLW\WRILQGDVXLWDEOHPHDVXUHVWUDWHJ\IRUWKHHQFRXQWHUHGFKDQJHV
,QRUGHUWRREWDLQDEHWWHUXQGHUVWDQGLQJWKHRUGHUSLFNLQJSURFHVVFDQEHGLVFXVVHGDVDQH[DPSOH
7KH RUGHU SLFNLQJ SURFHVV LV H[HFXWHG E\ ILYH ZRUNHUV ZKR DUH ZRUNLQJ RQ HDFK ZRUNVWDWLRQ LQ
ZRUNVWDWLRQ]RQHVXVLQJKDOIHPSW\ELQVDQGSDOOHWV,QDGGLWLRQIRUNOLIWVDQGWUDQVSRUWDWLRQYHKLFOHV
JLYH KHOS WR WKHP VLPXOWDQHRXVO\+HQFH DOO WKH DERYHZULWWHQ UHVRXUFHV VXFK DV ILYH HPSOR\HHV
ZRUNVWDWLRQPDFKLQHVDQGELQVVKRXOGEHGHILQHGDVDUHVRXUFHDWWULEXWHIRUHYHU\SURFHVV

/D\RXWSODQQLQJ
7KHQH[WVWHSUHIHUVWRQRWRQO\ OD\RXWSODQQLQJEXWDOVRWRVRPHWRSRORJ\RI WKHDERYHPHQWLRQHG
UHVRXUFHV ,Q WKLV VWHS WKH DUUDQJHPHQWRI WKH HQWHUSULVH VWUXFWXUH LVJHQHUDWHGERWKZLWKLQ WKH VXE
SURFHVVHVDQGIRUWKHHQWLUHV\VWHP
3ODQQLQJRIFRQWUROUXOHV
7KHILQDOVWHSLVWKHSODQQLQJRIFRQWUROUXOHVZKLFKDLPVILUVWO\WRVWUHQJWKHQWKHFRPSDQ\VWUXFWXUH
ZLWKWHFKQLFDORUQRQWHFKQLFDOUXOHVDQGSULQFLSOHV6HFRQGO\LWHQDEOHVPRQLWRULQJRIWKHEHKDYLRXU
RIWKHV\VWHPORDGRURWKHUSDUDPHWHULQGLFDWRUVWKXVUDLVLQJDZDUHQHVVRIZKHWKHUWKH\DUHLQVLGHWKH
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FRQWURO FRUULGRUV RU QRW 7KLUGO\ LGHQWLILFDWLRQ RI WKH UHJXODWLRQ VWUDWHJ\ DOVR LQFOXGHV UHVSRQG
VSHFLILFDWLRQVZKHQDQ\XQH[SHFWHGVLWXDWLRQVKDSSHQ,QRUGHUWRJDLQFRQVLVWHQF\EHWZHHQSURFHVVHV
WKHSODQQLQJFRQWUROOHYHOLVGLVFXVVHGXQGHUILYHFRQWUROOD\HUVDVVKRZQLQ)LJXUH,ZKLFKDUH
OLVWHGUHVSHFWLYHO\DVIROORZVQRUPDWLYHDGPLQLVWUDWLRQSODQQLQJQHWZRUNDQGFRQWUROOHYHO .XKQ
)RUDGHWDLOHGGHVFULSWLRQRIFRQWUROOD\HUVVHH7DEOH


)LJXUH*HQHUDO,QWHUIDFHPRGHOIRUFRQWUROOHYHOV
 &RQVWUXFWLRQRI$VVHVVPHQW3ODQQLQJ
,Q DQ DWWHPSW WR HYDOXDWH WKH SHUIRUPDQFH RI H[LVWLQJ V\VWHPV RU LPSURYHG V\VWHPV DQ DVVHVVPHQW
PRGHOLVGHYHORSHGZKLFKLVFRPSRVHGRIPDLQO\WZRSDUWVIOH[LELOLW\FRUULGRUVDUHHVWDEOLVKHGWR
GHWHUPLQH WKH XSSHU DQG ORZHU ERXQGDULHV RI FRQWURO SDUDPHWHUV DQG  SHUIRUPDQFH DYDLODELOLW\ LV
GHYHORSHGWRFDOFXODWHWKHHIILFLHQF\RIWKHRYHUDOOV\VWHP
3.4.1 Flexibility Corridors 
7KHIOH[LELOLW\FRUULGRUVFRQFHSWLVQRWZHOONQRZQLQ(QJOLVKOLWHUDWXUH$OWKRXJKWKHRULJLQRI WKLV
FRQFHSW LV NQRZQ WR EH *HUPDQ\ WKHUH LV VWLOO QRW HQRXJK SXEOLVKHG VWXGLHV DYDLODEOH GHVFULELQJ
VSHFLILFDWLRQRIWKHIOH[LELOLW\FRUULGRUV:KHQDFRPSDQ\ZDQWV WRLPSOHPHQWDQ\FKDQJHDELOLW\RQ
PDQXIDFWXULQJ RU ORJLVWLF V\VWHPV DV D VWUDWHJLF OHYHO GHFLVLRQ WKH NH\ RI DELOLW\ LV WR DGMXVW WKH
H[LVWLQJ V\VWHP RQ WKH EDVLV RI SUHGHWHUPLQHG FRUULGRUV RI IOH[LELOLW\ LQ D VKRUW WLPH DQG ZLWK
UHDVRQDEOHLQVWDOODWLRQFRVWV%DXG]XVHWDO7KHSULQFLSOHEHKLQGIOH[LELOLW\FRUULGRUVWKLQNLQJ
LV WR HQVXUH ZKHWKHU RU QRW WKH FKDQJHV DUH ORFDWHG ZLWKLQ WKH DFFHSWDEOH XSSHU DQG ORZHU OLPLWV
4XDQWLW\ TXDOLW\ WLPH SURGXFW DQG FRVW SDUDPHWHUV FRXOG EH RQH OHQJWKZLVH PHDVXUHPHQW RI WKH
IOH[LELOLW\FRUULGRUV,QDGGLWLRQWRWKLVFXVWRPHURULHQWHGHJRQWLPHGHOLYHU\SHUIRUPDQFHSURGXFW
DYDLODELOLW\ DQG FRPSDQ\RULHQWHG HJ WKURXJKSXW UDWH FDSDFLW\ XWLOL]DWLRQ SDUDPHWHUV FDQ EH
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
PRQLWRUHG XQGHU IDYRXU RI WKH IOH[LELOLW\ FRUULGRUV7KH W\SLFDO IOH[LELOLW\ FRUULGRUV DUH SURYLGHG LQ
)LJXUHZLWKLWVSDUWLFXODUQRWDWLRQRIWLPHGXUDWLRQ0RUHRYHUWKHSURFHGXUHGXULQJFKDQJHDQG
PHDVXUHLPSOHPHQWDWLRQVXFKDVDVKLIWIURPRQHFRUULGRUWRDQRWKHUDIWHUVHOHFWHGPHDVXUHVPLJKWEH
XQGHUVWRRGZLWKWKHKHOSRIWKHIROORZLQJILJXUH

)LJXUH&KDQJHDELOLW\DQG)OH[LELOLW\1\KXLV
ݐ௏ ǣ,QIOXHQWLDOIDFWRURIFKDQJH
ݐ஻ ǣ5HFRJQL]LQJDPHDVXUHUHTXLUHPHQW
ݐ஺ ǣ'HFLVLRQRQPHDVXUHV
ݐா ǣ7LPHDWZKLFKWKHH[LVWLQJIOH[LELOLW\FRUULGRULVQRWYDOLGDIWHUFRPSOHWLRQRIPHDVXUHV
ݐேଵ ǣ7LPHDWZKLFKWKHHIIHFWRIGHFLGHGPHDVXUH1EHJLQV
ݐேଶ ǣ7LPHDWZKLFKWKHHIIHFWRIGHFLGHGPHDVXUH1EHJLQV
ܨூௌ் ǣ&XUUHQWIOH[LELOLW\FRUULGRU
ூܹௌ் ǣ&XUUHQWFKDQJHFRUULGRU
ܨ௉ை்ଵ ǣ3RWHQWLDORIIOH[LELOLW\FRUULGRU
ܨ௉ை்ଶ ǣ3RWHQWLDORIIOH[LELOLW\FRUULGRU
3.4.2 Performance Availability 
$FFRUGLQJWRDGHILQLWLRQSURYLGHGE\9',JXLGHOLQHSHUIRUPDQFHDYDLODELOLW\LVD³'HJUHHRI
IXOILOPHQWRISURFHVVHVDJUHHGEHWZHHQFRQWUDFWSDUWLHVPDQXIDFWXUHUDQGXVHULQDFFRUGDQFHZLWKWKH
UHTXLUHPHQWVDQGGHDGOLQHV DQG LQ FRPSOLDQFHZLWK WKHDJUHHGEDVLF FRQGLWLRQV´%HFDXVH WKLV LVD
QRYHOFRQFHSWVWXGLHVWRILQGWKHFDOFXODWLRQRISHUIRUPDQFHDELOLW\KDYHQRW\HWEHHQFRPSOHWHG8S
WR WKLV SRLQW WZR VLPSOH ZD\V DUH GHWHUPLQHG WR FDOFXODWH SHUIRUPDQFH DYDLODELOLW\ LQ WHUPV RI
VXPPDWLRQRIZDLWLQJWLPHVRUUXQQLQJWLPHV7KHIROORZLQJHTXDWLRQVDUHSURYLGHGRQWKHEDVLVRIWKH
9',JXLGHOLQHUHSRUW

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 &RQYHQWLRQDO0RGHO
:DLWLQJ7LPHV
,QRUGHUWRPHDVXUHWKHSHUIRUPDQFHDYDLODELOLW\E\WDNLQJDFFRXQWLQWRZDLWLQJWLPHVWKDWDUHFDXVHG
E\EUHDNGRZQVZRUNHUIDLOXUHVRUXQH[SHFWHGHYHQWVWKHIROORZLQJIRUPXODLVXVHG
ܶௐ ǣ 7KHWRWDOZDLWLQJWLPH
஻ܶ ǣ 7KHWRWDOREVHUYDWLRQDOWLPH
ߟ௪ ǣ 3HUIRUPDQFHDYDLODELOLW\
ߟ௪  ൌ ୘ాష୘౓୘ా            
5XQQLQJ7LPHV
,IWKHZDLWLQJWLPHFDOFXODWLRQLVQRWVXFFHVVIXODQRWKHUDOWHUQDWLYHPHWKRGFDQEHXVHGWKDWLVEDVHG
RQGHOD\HGORDGLQSURSRUWLRQWRWKHWRWDORUGHU
ܰ ǣ 7KHWRWDODPRXQWRIWRWDOORDG
݊ ǣ 7KHWRWDODPRXQWRIGHOD\HGORDGV
ߟ௅ ǣ 3HUIRUPDQFHDYDLODELOLW\
ߟ௅  ൌ ேష୬୒           
1HYHUWKHOHVV FXUUHQW LQWUDORJLVWLFV V\VWHPV DUH EHFRPLQJPRUH FKDOOHQJLQJ LQRUGHU WRPHDVXUH WKH
VLWXDWLRQVGXH WRSHUIRUPLQJYDULRXVRSHUDWLRQV VLPXOWDQHRXVO\+HQFH WKHDERYHHTXDWLRQVDUHQRW
VXIILFLHQW HQRXJK WR TXDQWLI\ WKH SHUIRUPDQFH DYDLODELOLW\ RI D ZKROH HQWHUSULVH DV ZHOO DV WR
RYHUFRPH WKLV FKDOOHQJH'XH WR WKLVZLWKLQ WKH VWUXFWXUH RI WKLV GLVVHUWDWLRQ WZRPHWKRGVZLOO EH
XWLOL]HG WR UHFRJQL]H D JRRG ZD\ IRU VROYLQJ WKLV FRPSOH[ SUREOHP LQ RWKHU ZRUGV WR FRPSXWH
SHUIRUPDQFHDYDLODELOLW\2QHRIWKHPLVWKHZHLJKWHGDYHUDJHPHWKRGWKHRWKHURQHLVWKHIX]]\ORJLF
PHWKRG%RWKDUHH[SODLQHGEULHIO\DVIROORZV
 7KH:HLJKWHG$YHUDJH0HWKRG:$0
7KHDYHUDJHPHDQVWKDWDOOWKHLWHPVDUHZHLJKWHGHTXDOO\$QDYHUDJHFDOFXODWLRQLQZKLFKHDFKLWHP
WR EH DYHUDJHG LV DVVLJQHG D ZHLJKW LV FDOOHG WKH :HLJKWHG $YHUDJH 0HWKRG 7KH ZHLJKWLQJ
FRHIILFLHQW GHILQHV WKH SURSRUWLRQ RI WKH LPSRUWDQFH RI HDFK LWHP RQ WKH DYHUDJH 7KH ZHLJKWHG
DYHUDJHIRUPXODDQGQRWDWLRQVDUHJLYHQEHORZ
ܹܣܯ ൌ σ ୧୧୬୧ୀଵ         
:KHUH
௜ܹǣ 7KHZHLJKWIRULWHPL
ܦ௜ ǣ 7KHSDUDPHWHUZKLFKZLOOEHZHLJKWHG
݅ ǣ ,WHPQXPEHU
݊ ǣ 7KHQXPEHURIWRWDOLWHPV
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 )X]]\/RJLF0HWKRG)/0
5HFHQWO\DQLQFUHDVLQJQXPEHURIZRUNVXVHIX]]\ORJLFIRULPSOHPHQWDWLRQLQYDULRXVILHOGVVXFKDV
WKHGHVFULSWLRQRIKXPDQEHKDYLRXUGHPDQGIRUHFDVWLQJVXSSO\FKDLQPDQDJHPHQWHWF)X]]\ORJLF
PHWKRGRORJ\ LV FDSDEOH RI ZRUNLQJ ZLWK ERWK QXPHULF DQG QRQQXPHULF FKDUDFWHUV DQG SURGXFLQJ
VWDWHVLQZKLFKWRPDNHEHWWHUGHFLVLRQV6DEHXUHWDO,QWKLVVWXG\WKHIX]]\ORJLFDSSURDFK
LV XVHG WR FUHDWH D UXOH EDVHG PRGHO LQ RUGHU WR ILQG WKH GHJUHH RI IXOILOPHQW RI SHUIRUPDQFH
DYDLODELOLW\E\WDNLQJLQWRDFFRXQWWLPHSHUIRUPDQFHGLPHQVLRQVZKLFKDUHTXDOLW\TXDQWLW\SURGXFW
DQGFRVW

,Q WKH OLWHUDWXUH WKHUHDUHQXPHURXV IX]]\PRGHOVDYDLODEOH WKH0DPGDQLPRGHO WKH7DNDJL
6XJHQRPRGHODQG.RVNR¶VVWDQGDUGDGGLWLYHPRGHO6DEHXUHWDO7KURXJKRXWWKLVSUHVHQW
VWXG\WKHZLGHO\NQRZQ0DPGDQLPRGHOLQZKLFKWKHIROORZLQJUXOHVDUHDSSOLHGLWHUDWLYHO\ZLOOEH
XVHG

x )X]]LILFDWLRQ LV WKH ILUVW VWHS LQ ZKLFK DOO LQSXW YDULDEOHV DUH FRQYHUWHG LQ IRUPV RI IX]]\
YDULDEOHV
x 7KHRXWSXWGHWHUPLQDWLRQVWHSLVDSSOLHGWRSUHGHWHUPLQHGIX]]\UXOHVZLWKLQSXWYDOXHV
x 7KHRXWSXWDJJUHJDWLRQVWHSUHVXOWVLQRYHUDOORXWSXWE\JDWKHULQJDOOIX]]\UXOHV
x'HIX]]LILFDWLRQLVWKHODVWVWHSWKDWPDWFKHVWKHIX]]\RXWSXWZLWKWKHZDQWHGIRUP
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&KDSWHU
$SSOLFDWLRQRI6LPXODWLRQDQG&RPSXWDWLRQDO
6WXG\
&KDSWHULVVWUXFWXUHGWRVKRZKRZWKH&HOOXODU7UDQVSRUW6\VWHP&76DSSURDFKFDQEHPRGHOOHG
DQG VLPXODWHG JUDGXDOO\ ,Q VXEVHFWLRQ  DOO RSHUDWLRQV FDUULHG RXW LQ &76 DUH GHWHUPLQHG DQG
GHSLFWHG ERWK LQ FRPSDFW DQG H[WHQVLYH OHYHOVZLWK WKH KHOS RI SURFHVV FKDLQPHWKRGRORJ\  6XE
VHFWLRQFRPSULVHVQRWRQO\$JHQW%DVHGEXWDOVR'LVFUHWH(YHQWVLPXODWLRQ ORJLFZKLFKZLOOEH
XVHGZKLOHVHWWLQJXSWKH&76'HVLJQDQGVLPXODWLRQRIHYHU\PDLQZDUHKRXVHDFWLYLW\DYDLODEOHLQ
LQWUDORJLVWLFVV\VWHPVDUHH[SODLQHGLQVXEVHFWLRQ,QDGGLWLRQWRWKHDERYHKHDGLQJVWKLVFKDSWHU
EHJLQVZLWKDQH[SODQDWLRQRIVLPXODWLRQVRIWZDUHVHOHFWLRQHVSHFLDOO\IRU$JHQW%DVHGVLPXODWLRQ
 7KH6HOHFWLRQDQG&RQVWUXFWLRQRI6LPXODWLRQ6RIWZDUH
7KH VRIWZDUHPDUNHW RIIHUV PXOWLSOH VLPXODWLRQ VRIWZDUH SDFNDJHV 6RPH DUHPRUH H[SHQVLYH WKDQ
VRPH KDYH PRUH FRPPRQ IHDWXUHV DQG FDQ EH XVHG LQ D ZLGH UDQJH RI DSSOLFDWLRQ DUHDV ZKHUHDV
RWKHUVDUHPRUHVXLWHGWRRQO\RQHILHOG6RPHDOVRKDYHDVWURQJDVSHFWRIPRGHOOLQJZKHUHDVRWKHUV
SURYLGH RQO\ HVVHQWLDO IHDWXUHV ,Q RWKHU ZRUGV WKHUH DUH WRR PDQ\ SURSHUWLHV WKDW PDNH HDFK
VLPXODWLRQSDFNDJHGLIIHUHQW$OOVLPXODWLRQSDFNDJHV¶SDUWLFXODUVWUHQJWKVDQGZHDNQHVVHVGLIIHUIURP
RQH DQRWKHU 7KLV PDNHV LW WRR KDUG WR VHOHFW DQG SXUFKDVH D VLPXODWLRQ SDFNDJH DQG ILQGLQJ WKH
DSSURSULDWH VLPXODWLRQ SDFNDJH LV LPSRUWDQW DV LW FDQ VDYH D ORW RI PRQH\ 2Q WKH RWKHU KDQG D
VHOHFWLRQRILQDGHTXDWHSDFNDJHVFDQUHVXOWLQGHOD\HGDQGGLVUXSWHGSURMHFWVDQGDORVVRIWLPHDQG
UHVRXUFHV
'XH WR WKH VLJQLILFDQFH RI WKH HYDOXDWLRQ DQG VHOHFWLRQ RI DSSURSULDWH VLPXODWLRQ VRIWZDUH ERWK
DFDGHPLFVDQGVLPXODWLRQXVHUVLQEXVLQHVVDUHLQWHUHVWHGLQUHVHDUFKLQWKLVDUHD7KHUHDUHVXIILFLHQW
SDSHUVDYDLODEOHWKDWSURYLGHPHWKRGVDQGVWUDWHJLHVLQRUGHUWRHYDOXDWHWKHVLPXODWLRQSDFNDJHVIRU
$JHQW%DVHGVLPXODWLRQ([DPSOHVRIWKHVWXGLHVUHODWHGWRVLPXODWLRQHYDOXDWLRQDQGVHOHFWLRQDUHDV
IROORZV
+ROGHU  DSSURDFKHV WKH VHOHFWLRQ RI VLPXODWLRQ VRIWZDUH VWUXFWXUDOO\ ,Q DFFRUGDQFHZLWK WKLV
DSSURDFK ILUVWO\ WKH DYDLODEOH UHVRXUFHV ZLWKLQ WKH RUJDQL]DWLRQ DUH GHWHUPLQHG DQG WKHQ WKH
VLPXODWLRQSXUSRVHLVDVFHUWDLQHG7KLVVWUDWHJ\IDFLOLWDWHVWKHFKRRVLQJRIVLPXODWLRQVRIWZDUHVLQFH
WKHOLVWRISRVVLEOHVLPXODWLRQVRIWZDUHLVUHGXFHGE\HYDOXDWLQJSULRULW\

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
7DEOH/LWHUDWXUH5HYLHZRQ$JHQW%DVHV6LPXODWLRQ6RIWZDUH6HOHFWLRQ

'DYLV DQG :LOOLDPV  HYDOXDWH DQG VHOHFW WKH EHVW VLPXODWLRQ VRIWZDUH XVLQJ WKH $QDO\WLFDO
+LHUDUFK\3URFHVV$+3PRGHOZKLFKSURYHVWREHDJRRGDLGIRUVWUXFWXULQJSUREOHPVHYDOXDWLQJ
DOWHUQDWLYHVDQGPDNLQJJRRGGHFLVLRQV
+OXSLF DQG 3DXO  UHSUHVHQWHG DSSUR[LPDWHO\ WKUHH KXQGUHG FULWHULD IRU WKH HYDOXDWLRQ DQG
VHOHFWLRQRIVLPXODWLRQVRIWZDUH1RWRQO\WKHDPRXQWRIFULWHULDEXWDOVRWKHLUOHYHOVRILPSRUWDQFH
DUH DSSOLHG LQ WKH PDQXIDFWXULQJ HQYLURQPHQW +OXSLF HW DO  GHYHORSHG D VRIWZDUH WRRO
6LP6HOHFWZKLFK VHOHFWV VXLWDEOH VLPXODWLRQ VRIWZDUH EDVHG RQ WKH UHTXLUHG IHDWXUHV9HUPD HW DO
 SUHVHQWHG D FRPSUHKHQVLYH IUDPHZRUN ZKLFK FDQ EH XVHG IRU HYDOXDWLRQ RI D VLPXODWLRQ
VRIWZDUH SDFNDJH 7KH HYDOXDWLRQ FULWHULD DUH GLYLGHG LQWR IRXU PDLQ JURXSV ZKLFK DUH IXUWKHU
$UWLFOH <HDU $XWKRUV
$JHQW%DVHG
6LPXODWLRQ
3DFNDJHV$%63
$JHQW7RRONLWV$*HQHUDO2YHUYLHZRIWKH0DUNHW
DQGDQ$VVHVVPHQWRI,QVWUXFWRU6DWLVIDFWLRQZLWK
8WLOL]LQJ7RRONLWVLQWKH&ODVVURRP6HUHQNRHWDO

 $OH[DQGHU6HUHQNR%ULDQ'HWORU $%63
(YDOXDWLRQRI)UHH-DYD/LEUDULHVIRU6RFLDO
6FLHQWLILF$JHQW%DVHG6LPXODWLRQ7RELDVHWDO

 5REHUW7RELDV&DUROH+RIPDQQ
5H3DVW6ZDUP
4XLFNVLOYHU96(LW
$JHQW%DVHG6LPXODWLRQ3ODWIRUPV
5HYLHZDQG'HYHORSPHQW5HFRPPHQGDWLRQV
5DLOVEDFNHWDO

6WHYHQ)5DLOVEDFN
6WHYHQ//\WLQHQ
6WHSKHQ.-DFNVRQ
1HW/RJR6ZDUP
0$621
5HSDVW-DYD6ZDUP
3ULQFLSOHVDQG&RQFHSWVRI$JHQW%DVHG0RGHOOLQJ
IRU'HYHORSLQJ*HRVSDWLDO6LPXODWLRQV&DVWOHHWDO

 &KULVWLDQ-(&DVWOH$QGUHZ7&URRNV
6ZDUP0$621
5HSDVW6WDU/RJR
1HW/RJR2%(86
$JHQW6KHHWV$Q\/RJLF
$JHQW%DVHG0RGHOOLQJ*HWFKHOO  $GDP*HWFKHOO 5HSDVW3\5HSDVW6LPSKRQ\DQG%UHYH
(QYLURQPHQW0HGLDWHG0XOWL$JHQW6LPXODWLRQ7RROV
±$&RPSDULVRQ$UXQDFKDODPHWDO 
6$UXQDFKDODP
5=DOLOD:HQNVWHUQ
56WHLQHU
1HW/RJR0$621
(VFDSH5H3DVW6
',9$V
7RROVRIWKH7UDGH$6XUYH\RI9DULRXV$JHQWV
%DVHG0RGHOOLQJ3ODWIRUPV1LNRODLHWDO 
&\QWKLD1LNRODL
*UHJRU\0DGH\ $%63
6XUYH\RI$JHQW%DVHG0RGHOOLQJDQG6LPXODWLRQ
7RROV$OODQ  5RE$OODQ $%63
7KH(YROXWLRQRI$JHQW%DVHG6LPXODWLRQ3ODWIRUPV
$5HYLHZRI1HW/RJRDQG5H/RJR/\WLQHQHW
DO
 6WHYHQ//\WLQHQ6WHYHQ)5DLOVEDFN
1HW/RJR5HSDVW
5H/RJR
)UDPHZRUNIRU(YDOXDWLRQDQG6HOHFWLRQRIWKH
6RIWZDUHSDFNDJHV$+\EULG.QRZOHGJH%DVHG
6\VWHP$SSURDFK-DGKDYHWDO
 $QLO6-DGKDYD5DMHQGUD06RQDUE
$FWLYH606
606'HPRQ
*60$FWLYH
606=\QHR
$JHQW%DVHG6LPXODWLRQ3ODWIRUPV$Q8SGDWHG
5HYLHZ/\WLQHQHWDO 
6WHYHQ//\WLQHQ
6WHYHQ)5DLOVEDFN
1HW/RJR5HSDVW
5H/RJR
,QWURGXFWRU\7XWRULDO$JHQW%DVHG0RGHOOLQJDQG
6LPXODWLRQ0DFDOHWDO 
&KDUOHV00DFDO
0LFKDHO-1RUWK
5HSDVW6ZDUP
0$621
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0  
FODVVLILHG LQWR VXEJURXSV DFFRUGLQJ WR WKHLU FKDUDFWHUV 7KHVH PDLQ JURXSV LQFOXGH KDUGZDUH DQG
VRIWZDUHFRQVLGHUDWLRQVPRGHOOLQJFDSDELOLWLHVVLPXODWLRQFDSDELOLWLHVDQGLQSXWRXWSXWLVVXHV'LDVHW
DOGHDOWZLWKGLVFUHWHHYHQWVLPXODWLRQVHOHFWLRQLQDGLIIHUHQWZD\7KHDXWKRUVFODLPHGWKDW
VLPXODWLRQ SDFNDJHV DUH VHOHFWHG E\ ORRNLQJ DW WKH LQWHQVLW\ RI XVDJHZKLFK WKH\ FDOOHG SRSXODULW\
LQVWHDGRIPDNLQJVSHFLILFMXGJPHQWV)RUW\SDUDPHWHUVDUHXVHGWRILQGWKHWRSWHQµPRVWXVHG¶DQG
µEHVW¶FRQWHPSRUDU\WRROV
$OWKRXJKLQWKHSDVWIHZ\HDUVWKHUHKDVEHHQDQLQWHUHVWLQXVLQJ$%6WKHVXUYH\RIDYDLODEOH$%6
SDFNDJHV LV OLPLWHG ,QDGGLWLRQ WKHUHDUHQRWVXIILFLHQWSDSHUVWKDWSURYLGHPHWKRGVDQGVWUDWHJ\ LQ
RUGHU WR HYDOXDWH WKH VLPXODWLRQ SDFNDJHV IRU $%6 6LJQLILFDQW SDSHUV ZLWK WKHLU H[SODQDWLRQV DUH
OLVWHGLQWKHDERYHWDEOH$VFDQEHVHHQDFDGHPLFVDQGVLPXODWLRQXVHUVLQEXVLQHVVDUHLQWHUHVWHGLQ
UHVHDUFKLQWKLVDUHDHVSHFLDOO\GXULQJUHFHQW\HDUV)RULQVWDQFH1LNRODLHWDOFRPSDUHGDQG
FODVVLILHG DSSUR[LPDWHO\ ILIW\ WKUHH DJHQW EDVHG VLPXODWLRQ VRIWZDUH SDFNDJHV EDVHG RQ V\VWHP
SHUIRUPDQFHDQGXVHULQWHUIDFH
4.1.1 Available Simulation Software Based on the Application Field 
6LPXODWLRQLVXVHGLQFUHDVLQJO\DVDQDQDO\VLVDQGHYDOXDWLRQPHWKRGE\PRGHOOLQJFRPSOH[G\QDPLF
DQGVWRFKDVWLFEHKDYLRXURIDOOW\SHVRIV\VWHPVEXWHVSHFLDOO\PDQXIDFWXULQJDSSOLFDWLRQVVHH)LJXUH
7KHPDLQUHDVRQIRUWKLVLQFUHDVHLVFRPSHWLWLRQZLWKLQWKHLQGXVWU\DQGWKHHQRUPRXVDWWHQWLRQ
RQ WKH XVH RI DXWRPDWHG PDQXIDFWXULQJ V\VWHPV $GGLWLRQDOO\ YLVXDO DQG LQWHUDFWLYH IHDWXUHV RI
VLPXODWLRQSDFNDJHVSURYLGH DEHWWHUXQGHUVWDQGLQJDQGDUHHDVLHU WRXVHZKHQDSSOLHG LQ LQGXVWULDO
HQYLURQPHQWV $EX7DLHK DQG 6KHLNK  UHSUHVHQW DQRWKHU WZHQW\ RQH DSSOLFDWLRQV ZLWK WKHLU
SHUFHQWDJHVDVVHHQLQWKHIROORZLQJ)LJXUH












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
)RXU VLPXODWLRQ WRROV WKDWSHUIRUPDFFRUGLQJ WRDJHQWEDVHGSULQFLSOHVDUH VHOHFWHG WRGHFLGHZKLFK
RQHFRXOGEHPRUHDSSURSULDWHZLWKLQWKHVFRSHRIWKLVWKHVLV7KHFKRLFHLVEDVHGRQWKHLPSRUWDQFH
RI WKH HQYLURQPHQW LQ OLWHUDWXUH DQG WKHVH SDFNDJHV DUH FRQVLGHUHG WR EH DPRQJ WKHPRVW HIIHFWLYH
SODWIRUPV LQ WKHPDUNHW $Q\/RJLF0$621 0XOWL$JHQW 6LPXODWLRQ RI1HLJKERUKRRGV5H3DVW
5HFXUVLYH 3RURXV $JHQW 6LPXODWLRQ 7RRONLW DQG 1HW/RJR 6RPH IXQGDPHQWDO LQIRUPDWLRQ DERXW
WKHVHPRVWUHFRJQL]HGSDFNDJHVVXFKDVGHYHORSHUVGDWHRILQFHSWLRQOLFHQVHW\SHDQGSURJUDPPLQJ
ODQJXDJHDUHVXPPDUL]HGLQWKHIROORZLQJ7DEOH
7DEOH7HFKQLFDO,QIRUPDWLRQRI$%6VRIWZDUH1LNRODLHWDO

4.1.2 Simulation Software Evaluation Criteria and Methodology  
/DZHWDOGLVWLQJXLVKWKHVLPXODWLRQWRROIURPVLPXODWLRQODQJXDJHVDQGFODVVLILHGHLWKHUDVD
VLPXODWLRQ ODQJXDJH RU VLPXODWRU WKDW KDV WKH VDPHPHDQLQJ DV WKH VLPXODWLRQ WRRO DQG VLPXODWLRQ
SDFNDJHV:KHQVLPXODWLRQODQJXDJHLVHPSOR\HGVXFKDV6,0$1WKHVLPXODWLRQPRGHOLVGHYHORSHG
E\ZULWLQJDSURJUDP$OWKRXJKWKLVWHFKQLTXHVXSSRUWVPXFKPRUHIOH[LELOLW\LWLVKDUGWROHDUQDQG
FRVWO\ 2Q WKH RWKHU KDQG WKH VLPXODWRU HQDEOHV XVHUV ZKR KDYH VRPH SUHYLRXV H[SHULHQFH LQ
VLPXODWLRQ WR PRGHO WKH V\VWHP ZLWK OLWWOH RU QR SURJUDPPLQJ H[SHULHQFH 'XH WR WKLV DGYDQWDJH
VLPXODWRUV KDYH EHHQ SUHIHUUHG LQ EXVLQHVV DQG PDQXIDFWXULQJ DUHDV LQ UHFHQW \HDUV LQVWHDG RI
VLPXODWLRQODQJXDJHV$Q\/RJLFFDQEHJLYHQDVDQH[DPSOHRIDVLPXODWRU
$OWKRXJKIRXUVLPXODWLRQSDFNDJHV$Q\/RJLF0$6215H3DVWDQG1HW/RJRFDQEHDSSOLHGLQWKH
LQWUDORJLVWLFV HQYLURQPHQW DQGKDYH VRPHFRPPRQ IHDWXUHV OLNH WHVWDELOLW\ DQDO\VLV FDSDELOLW\ DQG
YLVXDOLW\WKHUHDUHPDQ\GLIIHUHQFHVEHWZHHQWKHVHVRIWZDUHSDFNDJHV,QWKHOLWHUDWXUH$UXQDFKDODP
HW DO  VXSSRUWHG WKH IROORZLQJ )LJXUH  ZLWK PDLQ DQG VXEFULWHULD :KLOH WKH WRS OHYHO
UHSUHVHQWVWKHSXUSRVHRIWKHVWXG\ZKLFKLVVHOHFWLQJWKHEHVWVXLWDEOHVRIWZDUHSDFNDJHWKHVHFRQG
OHYHO FRQVLVWV RI IRXUPDLQ FODVVHV RI DVVHVVPHQW FULWHULDZKLFK DUH QDPHO\ GHVLJQ FULWHULDPRGHO
VSHFLILFDWLRQ FULWHULDPRGHO H[HFXWLRQ FULWHULD DQG GRFXPHQWDWLRQ 7KH WKLUG OHYHO FRQVLVWV RI VXE
FODVVHVRIHDFKPDLQFULWHULRQ)LQDOO\ WKHERWWRPOHYHOUHSUHVHQWVDYDLODEOHSDFNDJHVZKLFKZLOOEH
FKRVHQDVDEHVWWRRO 
$%63 'HYHORSHUV 'DWH RI,QFHSWLRQ /LFHQVH
3URJUDPPLQJ
/DQJXDJH
$Q\/RJLF ;-7HFKQRORJLHV5XVVLD  3URSULHWDU\
-DYD 80/57
80/ IRU UHDO
WLPH
0$621 *HRUJH0DVRQ8QLYHUVLW\86$ 
$FDGHPLF )UHH /LFHQVH
RSHQVRXUFH -DYD
1HW/RJR 1RUWKZHVWHUQ8QLYHUVLW\86$ 
*3/
*HQHUDO3XEOLF/LFHQVH 1HW/RJR
5HSDVW 8QLYHUVLW\ RI &KLFDJR86$ 
%6'
%HUNOH\ 6RIWZDUH
'LVWULEXWLRQ
-DYD 3\WKRQ
9LVXDO %DVLF
1HW&-&
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)LJXUH(YDOXDWLRQ&ULWHULDIRUVLPXODWLRQ6RIWZDUH6HOHFWLRQ$UXQDFKDODPHWDO
)RXU OHYHOV DUH GHWHUPLQHG ZKLFK DUH ORZ PHGLXP KLJK DQG YHU\ KLJK LQ RUGHU WR HYDOXDWH WKH
GHVLJQFULWHULD7RXQGHUVWDQGZKLFKFDVHRIWKHGHVLJQFULWHULDVKRXOGEHHYDOXDWHGXQGHUZKLFKOHYHO
WKH IROORZLQJ WDEOH LVSUHSDUHGEDVHGRQ WKH VWXG\RI $UXQDFKDODP HW DO :LWK WKHKHOSRI
7DEOHEHORZHYHU\NLQGRIVLPXODWLRQVRIWZDUHFDQEHVLPSO\EHDVVHVVHG7KLVSURFHVVFRXOGEH
LOOXVWUDWHGE\JLYLQJDQH[DPSOH(YDOXDWLQJWKHVWUXFWXUHRIWKHFRPSOH[LW\RIDQ\NLQGRIVLPXODWLRQ
WRRO LV EDVHG RQ IRXU GLIIHUHQW SURSHUWLHV QDPHO\ JULG JUDSK FRQWLQXRXV VSDFH RU K\EULG ,I WKH
VLPXODWLRQVRIWZDUHSURYLGHVRQO\WKHFRQWLQXRXVVSDFHIHDWXUHLWVVWUXFWXUHFRPSOH[LW\LVVFRUHGDVD
KLJK$OORWKHUDVVHVVPHQWVRIHDFKFULWHULRQDUHFROOHFWHGLQWKHIROORZLQJ7DEOH 
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
7DEOH(YDOXDWLRQ&ULWHULDIRU6LPXODWLRQ6RIWZDUH6HOHFWLRQ%DVHGRQWKH$UXQDFKDODPHWDO
6WXG\
'HVLJQ
&ULWHULD /RZ 0HGLXP +LJK 9HU\+LJK
6WUXFWXUH
FRPSOH[LW\ *ULG *UDSK &RQWLQXRXV6SDFH +\EULG
(QYLURQPHQW
GLVWULEXWLRQ 1R'LVWULEXWLRQ
'LVWULEXWHG
SURFHVVLQJ
'LVWULEXWHG
VWUXFWXUH
'LVWULEXWHG
VWUXFWXUH	
SURFHVVLQJ
$JHQW
(QYLURQPHQW
FRXSOLQJ
9HU\KLJK
FRXSOLQJ
+LJK
FRXSOLQJ
$YHUDJH
FRXSOLQJ
/RZ
FRXSOLQJ
4XDOLW\RIXVHU
LQWHUIDFH8,
1RIHDWXUH
FDQEHVSHFLILHG
6LPSOHHQYLURQPHQW
PRGHOIHDWXUHV
FDQEHVSHFLILHG
0RVWIHDWXUHV
FDQEHVSHFLILHG
XVLQJWKH8,
$OOIHDWXUHV
FDQEHVSHFLILHG
XVLQJWKH8,
3URJUDPPLQJ
VNLOO
5HTXLUHGYHU\KLJK
SURJUDPPLQJVNLOOV
5HTXLUHGKLJK
SURJUDPPLQJVNLOOV
5HTXLUHGDYHUDJH
SURJUDPPLQJVNLOOV
5HTXLUHGORZ
SURJUDPPLQJ
VNLOOV
(QYLURQPHQW
NQRZOHGJH
LQDJHQWV
%RWKWKHQRGHDQG
FRRUGLQDWH
LQIRUPDWLRQ
DUHSURYLGHGWRDJHQWV
7KHH[LVWHQFHRIWKH
QRGH
LQWKHHQYLURQPHQWLV
VSHFLILHGDQGWKH
ORFDWLRQRI
WKHQRGHLVUHDGDWUXQ
WLPH
7KHDJHQWRQO\KDVWKH
NQRZOHGJHRIWKHQRGH
H[LVWHQFHDQGGRHVQRW
NQRZ
WKHLUORFDWLRQLQWKH
HQYLURQPHQW
1RWSUHVSHFLILHG
LQDJHQWV
9LVXDOL]DWLRQ
TXDOLW\
3RRULPDJHUHQGHULQJ
RIDJHQWPRYHPHQW
DQGHQYLURQPHQW
3RRULPDJHUHQGHULQJ
RIDJHQWPRYHPHQW
JRRGIRUHQYLURQPHQW
*RRGLPDJHUHQGHULQJ
RIDJHQW
PRYHPHQWDQG
HQYLURQPHQW
([FHOOHQWLPDJH
UHQGHULQJ
RIDJHQWPRYHPHQW
DQG
HQYLURQPHQW
&KDQJHRI
SURSHUWLHVRI
DPRGHO
&DQQRWPRGLI\
SURSHUWLHV
GXULQJVLPXODWLRQ
1HHG
WRSURJUDPWKH
FKDQJHV
&DQQRWPRGLI\
SURSHUWLHVGXULQJ
VLPXODWLRQ
0DNHFKDQJHVDQGUH
UXQ
&DQPRGLI\SURSHUWLHV
ZLWKRXW
VWRSSLQJVLPXODWLRQ
+DYHWRUHUXQ
VLPXODWLRQWRVHH
FKDQJHV
&DQPRGLI\
SURSHUWLHVZLWKRXW
VWRSSLQJ
VLPXODWLRQ
&KDQJHVWDNH
HIIHFWLPPHGLDWHO\
6LPXODWLRQ
YLHZ 'QRQWRURLGDO
9LVXDO'
SURJUDPPLQJIRU'
SURJUDPPLQJIRU
WRURLGDOVSDFH
'LQVSHFWLRQ
SURJUDPPLQJIRU'
7RURLGDOVSDFH
3URYLGH''
URWDWLRQV
LQVSHFWLRQHWF
&KRLFHEHWZHHQ
WRURLGDODQGQRQ
WRURLGDO
HQYLURQPHQWVSDFH
4XDOLW\RI
GRFXPHQWDWLRQ
3URYLGHVORZJUDGH
GRFXPHQWDWLRQTXDOLW\
3URYLGHVVXIILFLHQW
GRFXPHQWDWLRQTXDOLW\
3URYLGHVKLJK
GRFXPHQWDWLRQTXDOLW\
3URYLGHVYHU\KLJK
GRFXPHQWDWLRQ
TXDOLW\
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7KHUDWLQJSURFHVV LVFRPSRVHGRI WZRVWDJHV)LUVWO\ WKH WRWDO UDWLQJYDOXHVRI0$6211HW/HJR
5HSDVWVLPXODWLRQSDFNDJHVDUHREWDLQHGIURPWKHUHVHDUFKRI$UXQDFKDODPHWDO6HFRQGO\
WKHUDWLQJYDOXHVRI$Q\/RJLFVLPXODWLRQVRIWZDUHKDYHEHHQDFTXLUHGIURPWKH$Q\/RJLFIRUPHU;-
7HFKQRORJLHVFRPSDQ\7KHRYHUDOOYDOXHVWKDWEHORQJWRWKHIRXUVLPXODWLRQVRIWZDUHVDUHJLYHQLQ
7DEOH7DEOH7DEOHDQG7DEOH
7DEOH5DWLQJIRU'HVLJQ&ULWHULD
'HVLJQ&ULWHULD
6LPXODWLRQ
7RRO
6WUXFWXUH
&RPSOH[LW\ 'LVWULEXWLRQ &RXSOLQJ
1HW/RJR /RZ 9HU\+LJK +LJK
0DVRQ +LJK /RZ /RZ
5H3DVW 9HU\+LJK 0HGLXP /RZ0HGLXP
$Q\/RJLF 9HU\+LJK 9HU\+LJK 9HU\+LJK

7DEOH5DWLQJIRU0RGHO6SHFLILFDWLRQ&ULWHULD
0RGHO6SHFLILFDWLRQ&ULWHULD
6LPXODWLRQ
7RRO
8VHU
,QWHUIDFH
3URJUDPPLQJ
6NLOO
$JHQW¶V.QRZOHGJH
RI(QYLURQPHQW
1HW/RJR +LJK +LJK +LJK
0DVRQ /RZ /RZ /RZ
5H3DVW +LJK /RZ 9HU\+LJK
$Q\/RJLF 9HU\+LJK +LJK 9HU\+LJK

7DEOH5DWLQJIRU0RGHO([HFXWLRQ&ULWHULD
0RGHO([HFXWLRQ&ULWHULD
6LPXODWLRQ
7RRO
9LVXDOL]DWLRQ
4XDOLW\
0RGLI\LQJWKH
0RGHO
6LPXODWLRQ
9LHZ
1HW/RJR 0HGLXP+LJK 0HGLXP+LJK +LJK9HU\+LJK
0DVRQ 0HGLXP /RZ 0HGLXP
5H3DVW +LJK +LJK 9HU\+LJK
$Q\/RJLF 9HU\+LJK +LJK 9HU\+LJK

7DEOH5DWLQJIRU'RFXPHQWDWLRQ
'RFXPHQWDWLRQ
6LPXODWLRQ
7RRO
4XDOLW\RI'RFXPHQWDWLRQ
DQG7XWRULDOV
1HW/RJR 9HU\+LJK
0DVRQ 9HU\+LJK
5H3DVW +LJK
$Q\/RJLF +LJK
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%DVHGRQ WKHVHUHVXOWV LW LVFRQFOXGHG WKDW WKHPRVWSUHIHUUHGFKRLFH LVFOHDUO\$Q\/RJLFZKLFK LV
DOVRLQWURGXFHGLQGHWDLOE\JLYLQJJHQHUDODQGVSHFLILFIHDWXUHVDVIROORZV
$Q\/RJLF GHYHORSHGE\;-7HFKQRORJLHV LV FRQVWUXFWHGDV DPXOWLSDUDGLJP VLPXODWLRQPRGHOOLQJ
WRRO8QWLOUHFHQWO\WKHUHZHUHQRFRPPHUFLDOWRROVIRUDJHQWEDVHGPRGHOOLQJWKHUHZHUHMXVWVRPH
VPDOO OLEUDULHVZKLFKDUHFRGHGLQ-DYDRU&$Q\/RJLFKRZHYHU LVDWRROWKDWQRWRQO\XVHVWKH
KLVWRULFDOVLPXODWLRQPRGHOVOLNH'LVFUHWH(YHQWDQG&RQWLQXRXV(YHQWVLPXODWLRQEXWDOVRLQFOXGHV
$JHQW%DVHGVLPXODWLRQWRRYHUFRPHFRPSOH[LW\LQWKHUHDOFDVH*HQHUDOO\VLPXODWLRQWRROVSURYLGH
RQHRUWZRVLPXODWLRQSDUDGLJPVZKLOH$Q\/RJLFLVSUREDEO\WKHXQLTXHWRROWKDWHQDEOHVWKHXVHUVWR
EHQHILW IURP DOO WKH FRPPRQ VLPXODWLRQ SDUDGLJPV ZLWKLQ WKH VDPH YLVXDO HQYLURQPHQW 'LVFUHWH
(YHQW6\VWHP'\QDPLFVDQG$JHQW%DVHGVLPXODWLRQV
0RUHRYHU LW PDNHV LW SRVVLEOH WR FUHDWH GLIIHUHQW SDUW RI D PRGHO E\ XVLQJ GLIIHUHQW W\SHV RI
VLPXODWLRQ PHWKRGRORJLHV WR FDSWXUH D PRUH DSSURSULDWH PRGHO 7KH 5DLOZD\6WDWLRQ 6LPXODWLRQ
LOOXVWUDWHV WKLV SRLQW FOHDUO\ 7KH VFKHGXOH RI WUDLQV FRXOG EH PRGHOOHG DV D GLVFUHWH HYHQW PRGHO
ZKHUHDVWKHSDVVHQJHUFRXOGEHDFFHSWHGDVDQDJHQWZKHQLQVHUWLQJ WKHLUEHKDYLRXU LQWR WKHPRGHO
7KH$Q\/RJLFVLPXODWLRQWRROVXSSRUWV2EMHFW2ULHQWHGGHVLJQDQGFRXOGEHH[WHQGHGE\ZULWLQJ-DYD
FRGHLQVLGHWKHWRRO
4.1.3 Reasons for Selecting the AnyLogic Simulation Package  
7KHUH DUH PRUH WKDQ WZR KXQGUHG GLIIHUHQW NLQGV RI VLPXODWLRQ VRIWZDUH DYDLODEOH LQ WKH PDUNHW
LQFOXGLQJQRQFRPPHUFLDOWRROV$OOVRIWZDUHKDVVRPHEDVLFDQGVSHFLILFIHDWXUHV+RZHYHUWKH\DUH
GLIIHUHQWIURPHDFKRWKHULQWKHVHQVHWKDWWKH\KDYHDFHUWDLQEXLOWLQIHDWXUHZKLFKLVVXLWDEOHIRUD
SDUWLFXODU ORJLVWLFV DSSOLFDWLRQ +HQFH WKH UHDO V\VWHP QHHGV WR EH VWXGLHG LQ DOO DVSHFWV DQG WKH
GHVLUHG UHVXOW VKRXOG EH IXOO\ XQGHUVWRRG EHIRUH WKH VRIWZDUH FDQ EH VHOHFWHG $GGLWLRQDOO\ LW LV
REYLRXV WKDW QHLWKHU RI WKH VLPXODWLRQ WRROV VDWLVILHV DOO FULWHULD WR WKH KLJKHVW OHYHO QRU FDQ EH
DSSURSULDWHIRUDOOREMHFWLYHV+RZHYHURQHRIWKHPRVWLPSRUWDQWIDFWRUVLVWRLGHQWLI\ZKLFKVRIWZDUH
LVPRUH VXLWDEOH WKDQRWKHUSDFNDJHV DFFRUGLQJ WRSODQQHGSXUSRVHV7DNLQJDFFRXQW DOO IRXURI WKH
RWKHU VLPXODWLRQ SDFNDJHV¶ IHDWXUHV DQG UHVXOWV REWDLQHG IURP VHOHFWLRQ DQDO\VLV LQ WKLV VWXG\ WKH
$Q\/RJLF6RIWZDUHLVFKRVHQ7KHPDLQUHDVRQVDUHJLYHQDVIROORZV

 7KHPDMRULW\RIWKHH[LVWLQJVLPXODWLRQWRROVDUHVSHFLILHGIRURQHRUWZRSDUWLFXODUVLPXODWLRQ
PHWKRGRORJLHV)RULQVWDQFH$UHQD$XWR0RG3UR0RGHODQG([WHQGZKLFKDUHZHOONQRZQ
VLPXODWLRQWRROVLQWKHPDUNHWDUHGHVLJQHGIRUGLVFUHWHHYHQWVLPXODWLRQ+RZHYHU$Q\/RJLF
SURYLGHV D FRPPRQ HQYLURQPHQW WR JHQHUDWH QRW RQO\ VWDQGDORQH GLVFUHWHHYHQW V\VWHP
G\QDPLFVRUDJHQWEDVHGPRGHOVEXWRQHVWKDWFDQEHXVHGLQDQ\FRPELQDWLRQ,QWHJUDWLRQRI
WKHVH PRGHOV UHVXOWV LQ D PRUH GHWDLOHG VLPXODWLRQ PRGHO ZKLFK UHIOHFWV UHDOLW\ PRUH
DFFXUDWHO\
 'XH WR WKH -DYD HQYLURQPHQW XVHUV DUH FDSDEOH RI REWDLQLQJ JUHDW H[WHQVLELOLW\ WKURXJK WKH
PRGHOWKH\DUHFUHDWLQJ8QFRPPRQRUVSHFLILFWDVNVDQGUHTXLUHPHQWVFRXOGEHIXOILOOHGE\
ZULWLQJMDYDFRGHIXQFWLRQV LQVLGH WKHVLPXODWLRQSURJUDP0RUHRYHU LW LVDFKLHYDEOH WRUXQ
WKHPRGHOZLWKRXWKDYLQJDGHYHORSPHQWSURJUDPEHFDXVHRI WKH VLJQLILFDQWEHQHILWVRI WKH
-DYD$SSOHWDSSOLFDWLRQ
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 2QHFHUWDLQVWUHQJWKRI$Q\/RJLFLVWKHYLVXDOHQYLURQPHQWWKDWDFFHOHUDWHVWKHXVHUV¶VSHHG
E\GUDJJLQJDQGGURSSLQJREMHFWV IURPWKH OLEUDU\ WR WKHGHYHORSPHQWDUHD ,W LV WUXH WRVD\
WKDWLQFOXGHGREMHFWOLEUDULHVHQDEOHRQHWREXLOGVLPXODWLRQLQDTXLFNDQGHDV\ZD\
 $EX7DLHK DQG 6KHLNK  UHFRPPHQG $Q\/RJLF IRU WKH FRPSOH[ DQG PRUH GHWDLOHG
PRGHOVVXFKDVVXSSO\FKDLQPDQDJHPHQWRUWUDQVSRUWDWLRQV\VWHPV7KLVVWXG\LVVXSSRVHGWR
EHDVFRPSOLFDWHGDV WKHPRGHOVPHQWLRQHGDERYH ,WZRXOGKDYHEHHQFRQFHUQHGZLWKERWK
JHQHUDOZDUHKRXVHDFWLYLWLHVDQGZLWKWKHHIIHFWVRIVRPHRWKHUH[WHUQDOIDFWRU
 'HVLJQDQG&RQILJXUDWLRQRI&HOOXODU7UDQVSRUW6\VWHPV
7KH&HOOXODU7UDQVSRUW6\VWHP&76LVDQRYHOPHWKRGRORJ\DVDQLQWUDORJLVWLFVV\VWHP%HFDXVHRI
WKLV LW LVQRWNQRZQZKLFKRSHUDWLRQVVKRXOGEHLQFOXGHG LQ WKH&76$VPHQWLRQHGSUHYLRXVO\ WKH
&76GHVLJQWRWDOO\GLIIHUVIURPRWKHUDOWHUQDWLYHV\VWHPVLQWHUPVRIFRQYH\LQJLWHPVDQGVWRUDJHUDFN
VWUXFWXUHEXWVWLOO WKHUHH[LVWVEDVLFRSHUDWLRQVZKLFKDUHFRQWDLQHGZLWKLQDOONLQGVRI LQWUDORJLVWLFV
V\VWHPVVXFKDVRUGHUSLFNLQJVWRUDJHUHFHLYLQJVKLSSLQJSURGXFWVHWF,QWKHIROORZLQJVHFWLRQDOO
HVVHQWLDOZDUHKRXVH RSHUDWLRQVZLWKLQ WKH FRQWH[W RI&76 DUH H[SODLQHG DQG LOOXVWUDWHG WKURXJK WKH
SURFHVVFKDLQPRGHO
4.2.1 Main Model 
,QWKLVVHFWLRQDPDMRUHIIRUWLVPDGHWRGHWHUPLQHKRZWRVWUXFWXUHWKHPDLQPRGHORI&767KHIRXU
PDLQRSHUDWLRQVRIZDUHKRXVLQJUHFHLYLQJVWRUDJHSLFNLQJDQGVKLSSLQJDUHZLGHO\NQRZQ+RZHYHU
GHFLVLRQVDERXWRWKHUPDLQDFWLYLWLHVKDYHDJUHDWLPSRUWDQFHQRWRQO\LQGHWHUPLQLQJSURFHVVFKDLQ
VWUXFWXUHEXWDOVRGHVLJQLQJVLPXODWLRQSURJUDPV7KHPDMRURSHUDWLRQVWKDWDUHFDUULHGRXWLQ&76FDQ
EHGLVFXVVHGXQGHUHLJKWKHDGLQJV7KHVHDUHFXVWRPHURUGHUFRQVWUXFWLRQZDUHKRXVHPDQDJHPHQW
RUGHU SLFNLQJ RUGHU SXUFKDVLQJ UHFHLYLQJ UHSOHQLVKPHQW DQG VWRUDJH DQG VKLSSLQJ DQG DUH
GHPRQVWUDWHGLQWKHIROORZLQJ)LJXUH
)LJXUH7KHPDLQSURFHVVHVRIWKH&HOOXODU7UDQVSRUW6\VWHP
,QWKHDERYHJUDSKWKHSURFHVVHVDUHDUUDQJHGLQWLPHRUGHU+HQFHLWLVHDV\WRIROORZWKHPDWHULDORU
LQIRUPDWLRQ IORZV DQG WKH UHDVRQ IRU FKDQJLQJ GLUHFWLRQ IURP RQH SURFHVV WR DQRWKHU SURFHVV )RU
LQVWDQFH LI WKHDPRXQWRIVWRFN LV ORZHU WKDQ WKH UHRUGHUSRLQW WKH IORZGLUHFWLRQ LV VKLIWHG WR WKH
RUGHUSXUFKDVLQJSURFHVVH[FHSWIRUZKHQLWFDQQRWEHNQRZQZKLFKSURFHVVLVXQGHUZKRVHFKDUJH
$WWKLVSRLQW WKHIROORZLQJ)LJXUHLVSURYLGHGIRUPDWFKLQJWKHUHVSRQVLELOLWLHVRIHDFKSURFHVV
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WKLVLVWKHWKLUGVWHSRIWKHSURFHVVFKDLQPRGHO7KHRUGHUSXUFKDVLQJSURFHVVIRULQVWDQFHLVFDUULHG
RXWE\WKHVXSSOLHUZKHUHDVRUGHUFRQVWUXFWLRQDQGRUGHUUHFHLYLQJLVGLUHFWO\UHODWHGWRWKHFXVWRPHU








)LJXUH7KHPDLQSURFHVVHVRIWKH&HOOXODU7UDQVSRUW6\VWHPZLWKWKHLURUJDQL]DWLRQVWUXFWXUH
2QHZD\ WR XQGHUVWDQGZKDW LV JRLQJ RQZLWKLQ WKH RUJDQL]DWLRQ DQG WR XVH WKDW XQGHUVWDQGLQJ WR
PDNHEHWWHUGHFLVLRQVDQGWRSODQLVWRHODERUDWHRQWKHSURFHVVFKDLQPRGHOE\DGGLQJVXESURFHVVHV
)RU H[DPSOH WKH UHFHLYLQJSURFHVV LV JURXSHG LQWR ILYH VXESURFHVVHVZKLFK DUHXQORDGLQJSDOOHWV
IURPWUXFNVVWRULQJSDOOHWVLQDKLJKED\VWRUDJHUDFNIRUNOLIWVJHWWLQJWKHSDOOHWIURPVWRUDJHWRWKH
GHSDOOHWL]LQJDUHDWKHGHSDOOHWL]LQJSURFHVVDQGH[WUDFWLQJSURGXFWV2WKHUSURFHVVHVDVVRFLDWHGZLWK
WKHLUVXESURFHVVHVDUHOLVWHGEHORZDQG)LJXUHVKRZVWKHZKROHV\VWHPFRPSUHKHQVLYHO\
&XVWRPHU:VWDUWRUGHUJHWFXVWRPHUUHTXHVWUHFHLYHRUGHUDQGILQLVKRUGHU
2UGHU FRQVWUXFWLRQ: FRQVWUXFW RUGHU DFFXPXODWH RUGHUV FDOFXODWH UHTXLUHG DPRXQW LQ WHUPV RI WKH
SURGXFWFDOFXODWHUHTXLUHGELQVVHQGPHVVDJHWRVKXWWOHDQGFKHFNWKHDPRXQWRIVWRUDJH
2UGHU 3LFNLQJ:EULQJUHTXLUHGELQVE\VKXWWOHDFFHSWELQVDOORFDWHRUGHUVFDUU\ELQVE\VKXWWOHDQG
FRPSOHWHWKHRUGHU
5HSOHQLVKPHQW:UHFHLYHHPSW\ELQVUHSOHQLVKELQVGHSDOOHWL]HDQGH[WUDFWSURGXFWVLQWRELQV
6WRUDJH:FDUU\KDOIELQVDQGIXOOELQVWRVWRUDJHE\VKXWWOHDQGVWRUHELQV
6KLSSLQJ: SDOOHWL]LQJ WDNHSDOOHWVE\ IRUNOLIW VWRUHSDOOHWV LQ DKLJKED\ VWRUDJH UDFN ORDGLQJ LQWR
WUXFNV
6XSSOLHU:SXUFKDVHLWHPVDQGSUHSDUHWKHRUGHU 
,Q DGGLWLRQ WR GHWDLOLQJ IHDWXUHV RI WKH EHORZ LQ )LJXUH  LW LV SRVVLEOH WR REVHUYH SHUIRUPDQFH
REMHFWV WKDW WUDQVIRUP IURPRQHSURFHVV WR DQRWKHUSURFHVV 3DOOHW HPSW\ IXOO KDOIIXOO ELQ RUGHU
ER[DQGWUXFNDUHGHILQHGDVSHUIRUPDQFHREMHFWVIRUWKHHQWLUH&76
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4.2.2 Process Control Levels  
,QRUGHUWRPDNHDOOSURFHVVHVZRUNLQRUGHUYDULRXVVSHFLILFUXOHVDQGVWUDWHJLHVDUHGHWHUPLQHGIRU
HDFKSURFHVV3ODQQLQJRI FRQWURO UXOHV LV WKH ODVW VWHSRI WKHSURFHVV FKDLQ DQG LW LV HQWUXVWHGZLWK
PDQDJLQJ DQG H[HFXWLQJ WKH WDVN RI WKHVH NLQGV RI UXOHV 7KH SODQQLQJ RI FRQWURO UXOHV FDQ EH
GLVFXVVHGXQGHUILYHKHDGLQJVQRUPDWLYHOHYHODGPLQLVWUDWLYHOHYHOSODQQLQJOHYHOQHWZRUNOHYHODQG
FRQWUROOHYHODQGDUHGHVLJQHGWREHLQFRQWDFWZLWKHDFKRWKHUE\VHQGLQJH[HFXWLRQSODQVRUGHUOLVWV
RUVFKHGXOLQJLQIRUPDWLRQDQGE\UHFHLYLQJFRQILUPDWLRQRISODQVHYHQWUHSRUWVRUVWDWLVWLFVIRUDLP
FRPSOHWLRQHWF7RJDLQDEHWWHULQVLJKWLQWRWKHVHOHYHOVFRPSUHKHQVLYHH[SUHVVLRQVDQGDQH[DPSOH
FRQFHUQLQJWKHRUGHUSLFNLQJRSHUDWLRQDUHSURYLGHGEHORZ
7KH 1RUPDWLYH /HYHO WKH OHYHO LV WKH ILUVW OHYHO LQ ZKLFK WRS H[HFXWLYHV GHWHUPLQH WKH YDOXHV
PLVVLRQVDQGVWUDWHJLFJRDOVGLUHFWO\UHODWHGZLWKWKHHQWLUHFRPSDQ\)RUWKHRUGHUSLFNLQJSURFHVVWKH
JRDOVFRXOGEHWKHFRPSOHWLRQRIDOOREWDLQHGRUGHUVRQWLPHZLWKSHUIHFWFXVWRPHUVDWLVIDFWLRQDQG
ZLWKRXWDQ\IDLOXUHVRUFRPSODLQWV7KHSUHYLRXVVHQWHQFHPLJKWEHVRJHQHUDOWKDWLWLVDFFHSWDEOHIRU
DOO W\SHVRIFRPSDQ\ ,W WKXVFDQEHVSHFLILHGPRUHE\DGGLQJQXPEHUVRUGDWHV)RU LQVWDQFH WKH
VWUDWHJLF SXUSRVH FRXOG EH WR GHOLYHU WKH FXVWRPHU RUGHU ZLWKLQ WKUHH GD\V DQG WKH SHUFHQWDJH RI
FRPSODLQWVVKRXOGEHXQGHU
7KH $GPLQLVWUDWLRQ /HYHO GHDOV ZLWK FXVWRPHUV QRW RQO\ ZKHQ RUGHUV DUH EHLQJ HQWHUHG LQ WKH
V\VWHPLQWKHIRUPRIV\VWHPORDGEXWDOVRDIWHURUGHUFRPSOHWLRQVXFKDVGXULQJWKHRUGHUGHOLYHU\
SURFHVV$OO RUGHUV DUH DFFXPXODWHG LQ D SRRO DQG DYDVW QXPEHU RI DQDO\VHV DUHPDGH WR HYDOXDWH
ZKHWKHU WKH H[LVWLQJ V\VWHP LV FDSDEOH RI KDQGOLQJ WKH EDWFK RI WKH RUGHU RU QRW )URP WKH RUGHU
SLFNLQJSURFHVVDVSHFWWKHRUGHUOLVWZKLFKLVUHDUUDQJHGEDVHGRQSURGXFWW\SHLVJHQHUDWHGIRUHDFK
ZRUNVWDWLRQ7KLVOHYHOQHHGVWRREWDLQWKHFRQIRUPDWLRQRIWDUJHWDFKLHYHPHQWVIURPWKHVXEVHTXHQW
OHYHO
7KH3ODQQLQJ/HYHOLVLQFKDUJHRIDUUDQJLQJRUGHUVHTXHQFHDQGPDWFKLQJWKHSLFNLQJOLVWZLWKWKH
ZRUNVWDWLRQ,QFRQYHQWLRQDOLQWUDORJLVWLFVV\VWHPVWKHSLFNLQJOLVWVDUHDOORFDWHGWRSLFNHUVZKHUHDV
WKHSLFNLQJOLVWVDUHDVVLJQHGWRVKXWWOHVLQWKHFDVHRIWKLVVWXG\2QWKHRWKHUKDQGSODQQLQJOHYHOV
QHHGVWRREWDLQWKHFRPSOHWLRQWLPHVRIRUGHUVIURPWKHQH[WOHYHOQDPHO\WKHQHWZRUNOHYHO
7KH1HWZRUN/HYHOLVHQWUXVWHGZLWKDOOH[HFXWLRQSODQVIRULQWHUQDOSURFHVVWKDWDUHZRUNHGRXW7KH
RWKHUQDPHRIWKLVOHYHOLVµZRUNIORZOHYHO¶LQZKLFKDOONLQGVRILQIRUPDWLRQDQGPDWHULDOIORZVDUH
VXSHUYLVHGWRFRPSOHWHWKHRUGHUDFFXUDWHO\DQGHIILFLHQWO\)RUWKHFDVHRIWKHRUGHUSLFNLQJRSHUDWLRQ
WKHFKLHIRUIRUHPDQKDQGVRXWWKHH[HFXWLRQSODQWRWKHZRUNHULQWKHZRUNVWDWLRQ$IWHURUGHUOLVWVDUH
ILOOHG RXW HYHQW UHSRUWV DQG FRQILUPDWLRQ RI FRPSOHWLRQ DUH GHPDQGHG IURP WKH VXFFHVVLYH OHYHO
ZKLFKLVWKHFRQWUROOHYHO
7KH&RQWURO /HYHO LV WKH ODVW OHYHO RI WKH FRQWURO SURFHGXUH DQG LV UHVSRQVLEOH IRUPDQDJLQJ DQG
FKHFNLQJWKHRSHUDWLRQZKHQLWLVWDNLQJSODFH7KLVOHYHOLVDFRQQHFWLRQEHWZHHQWKHVRXUFHRIREMHFWV
DQG WKH VLQN RI REMHFWV GXULQJ WKH WUDQVIRUPDWLRQ RI WKH V\VWHP ORDG 7KH VSHHG RI WKH VKXWWOH WKH
QXPEHU RI VKXWWOHV LGOH WLPHV IRU HDFK ZRUNHU WKH WRWDO QXPEHU RI SUHSDUHG RUGHUV DQG WKH
SHUIRUPDQFHRIZRUNVWDWLRQVDUHUHSRUWHGDIWHUWKHRSHUDWLRQLVVXFFHVVIXOO\DFKLHYHG
7KHUXOHVFRQFHUQHGZLWKDOO WKHHVVHQWLDORSHUDWLRQVRI WKHFHOOXODUWUDQVSRUWV\VWHPDUHGHWHUPLQHG
DQGJLYHQLQWKHIROORZLQJ7DEOH
 
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7DEOH3URFHVV&RQWURO/HYHOVIRUWKH&76PRGHO
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 7KH6LPXODWLRQ$SSURDFKIRU&HOOXODU7UDQVSRUW6\VWHPV
6LPXODWLRQ PHWKRGRORJ\ LV JHQHUDOO\ EDVHG RQ RQH NLQG RI SDUDGLJP VXFK DV 'LVFUHWH(YHQW
&RQWLQXRXV(YHQW DQG $JHQW%DVHG 6LPXODWLRQ ,Q FRQWUDVW WR WKH FRQYHQWLRQDO VLPXODWLRQ WRROV
$Q\/RJLF LV D VLQJOH WRRO WKDW JLYHV IUHHGRP WR XVHUV WR XWLOL]H WKH DOO WRR FRPPRQ VLPXODWLRQ
SDUDGLJPV ZLWKLQ WKH VDPH YLVXDO HQYLURQPHQW ,Q WKH FXUUHQW VWXG\ D K\EULG PRGHO ZKLFK LV
FRPELQDWLRQ RI GLVFUHWH HYHQW DQG DJHQW EDVHG VLPXODWLRQ LV XVHG  )RU WKH SXUSRVH RI IXUWKHU
H[SODQDWLRQ ERWK VLPXODWLRQ SDUDGLJPV ZLWK DQ H[DPSOH DUH H[SODLQHG DV IROORZV 7KHQ WKH
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UHVSRQVLELOLWLHVRIDOODJHQWVVXFKDVFXVWRPHUVKXWWOHRUPDFKLQHFUHDWHGRQWKHEDVLVRI$JHQW%DVHG
6LPXODWLRQXQGHUWKHFRQFHSWRI&76VLPXODWLRQDUHLQWURGXFHGZLWKWKHLUEHKDYLRXUVWDWHGLDJUDPV

4.3.1 The Logic of Discrete- Event Simulation  
7KHPDLQ SULQFLSDO EHKLQG GLVFUHWH HYHQW VLPXODWLRQ WKLQNLQJ LV WKDW WKHPRGHOOHUV LQYHVWLJDWH WKH
V\VWHPIURPWKHDVSHFWRIDSURFHVVVWUXFWXUH,QWKLVPHWKRGRORJ\WKHIORZEHWZHHQHQWLWLHVSOD\VD
NH\UROH,QPDQ\FDVHVWKLVNLQGRIVWUXFWXUHVWDUWVZLWKDVRXUFHHQWLW\ZKLFKSURGXFHVLQSXWLQWRWKH
V\VWHPLHRUGHUVILQLVKHVSURGXFWHWFDQGHQGVZLWKDVLQNHQWLW\ LQZKLFKWKH LQSXWYDULDEOHVDUH
HOLPLQDWHGIURPWKHV\VWHP7KLVNLQGRIIORZFKDUWGLDJUDPLVVLPLODUWRWKHSURFHVVFKDLQSDUDGLJP
H[SODLQHGLQ&KDSWHU
,QWKHIROORZLQJ)LJXUHDGLVFUHWHHYHQWVWUXFWXUHREWDLQHGIURPD&76VLPXODWLRQLVJLYHQDVDQ
H[DPSOH7KHPDLQEHQHILWRIWKLVNLQGRIIORZFKDUWLVWKDWWKHIROORZLQJRIVWUHDPVEHWZHHQHQWLWLHVLV
VLPSOLILHGGXHWRWKHVHTXHQWLDOFRQVWUXFWLRQ,WLVFRQVWUXFWHGWRLQVHUWLQLWLDOVWRFNSULQFLSDOVLQWRWKH
VLPXODWLRQ7KHIORZFKDUWVWDUWVZLWKDVRXUFHKRZHYHULWGRHVQRWILQLVKZLWKDVLQNVLQFHWKLVLQLWLDO
VWRFN ZLOO EH SLFNHG DQG GHOLYHUHG WR WKH FXVWRPHU WKURXJKRXW WKH VLPXODWLRQ SHULRG $IWHU EHLQJ
SURGXFW JHQHUDWHG WKH WRWDO DPRXQW RI ELQV DUH SXW LQWR VWRUDJH7KHPRGHO ORJLF RI XQORDGLQJ DQG
UHSOHQLVKPHQW)LJXUHWKHPRGHOORJLFRIVWRUDJH)LJXUHWKHPRGHOORJLFRIORDGLQJDQGRUGHU
SLFNLQJ)LJXUHDQGWKHPRGHOORJLFRIZRUNVWDWLRQV)LJXUHDUHVKRZQLQ$SSHQGL[$





)LJXUH'LVFUHWHHYHQWVWUXFWXUHVFUHHQVKRWIURPD&76VLPXODWLRQ
4.3.2 The Logic of Agent - Based Simulation  
$V LV FRPSUHKHQVLYHO\ H[SODLQHG LQ &KDSWHU  $JHQW%DVHG PRGHOOLQJ LV HVWDEOLVKHG EDVHG RQ
DXWRQRPRXVDQGGHFHQWUDOL]HG WKLQNLQJ7KHDJHQWEDVHGPRGHO LVFRPSRVHGRI VRPHDFWLYHREMHFWV
ZKLFKDUHUHIHUUHGWRDVDQDJHQW,QWKH&76VLPXODWLRQFXVWRPHUVVKXWWOHYHKLFOHVFKDUJHPDFKLQHV
OHIWULJKWOLIWVHQWHUH[LWSRLQWVDQGZRUNVWDWLRQVDUHFUHDWHGDVDQDJHQW,QWKLVPRGHOOLQJWHFKQLTXH
HDFKVLQJOHDJHQWKDVVHYHUDOVSHFLILFEHKDYLRXUVWKDWDUHHPEHGGHGLQWRDJHQWVE\XVLQJVWDWHFKDUWV
$ VWDWH FKDUW RU VWDWH GLDJUDP LV D JUDSKLFDO DSSURDFK ZKLFK FDQ EH XVHG LQVWHDG RI ZULWLQJ
SURJUDPPLQJFRGH6XFKDGLDJUDPIDFLOLWDWHV WKHH[SUHVVLRQRIHYHQWVDQG WKHEHKDYLRXURIDJHQWV
HIILFLHQWO\ DQG DFFXUDWHO\ 6WDWH FKDUWV DUH JHQHUDOO\ FRPSRVHG RI VWDWHV DQG WUDQVLWLRQV $OO DJHQWV
FUHDWHGDUHZLWKLQWKHFRQWH[WRI&76VLPXODWLRQDQGDUHH[SODLQHGFRPSUHKHQVLYHO\DVIROORZV

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 &XVWRPHU%HKDYLRXU
7KH&XVWRPHU%HKDYLRXU VWDWHFKDUWFRQVLVWVRI IRXUVWDWHVQDPHO\ WKH ,QLWLDO6WDWH2UGHULQJ6WDWH
2UGHUZDLWLQJDQG WKH2UGHU&RPSOHWLRQ6WDWHDQGRIVL[WUDQVLWLRQV  ,QLWLDO2UGHU2UGHU:DLWLQJ
2UGHU6WDUW2UGHU6WDUW$JDLQ3UHSDULQJDQG)LQLVKHG7UDQVLWLRQZKLFKDUHVKRZQLQ)LJXUH

)LJXUH7KHVWDWHFKDUWRIFXVWRPHUEHKDYLRXU
$WWKHEHJLQQLQJRIWKHVLPXODWLRQHDFKFXVWRPHULVDWWKHµInitial State’,IDQ\RUGHUVKDYHQRWEHHQ
HQWHUHGLQWRWKHV\VWHP\HWWKHDJHQWVWD\VLQWKHµ2UGHU Waiting State’WRZDLWIRUWKHµCreate Order’
PHVVDJHZKLFK LV LQVLGH WKH µOrder Start’ and ‘Start Again’ WUDQVLWLRQV$IWHU UHFHLYLQJ WKHµCreate 
Order’ PHVVDJH DJHQWVPRYH WKHLUFXUUHQW VWDWH WR WKH µOrdering State’,ZKLFKFRXOG LQYROYH VRPH
VSHFLILF -DYD &RGH LQ RUGHU WR H[WHQG WKH DJHQWV¶ SURSHUW\ LQ UHVSRQVH WR XVHU UHTXLUHPHQWV )RU
LQVWDQFHGLIIHUHQW W\SHVRIRUGHULWHPVEHORQJ WRDVSHFLILFFXVWRPHUDQG WKHLUSHQGLQJGLVWULEXWLRQ
FDQEHGHILQHGGXULQJWKHµOrdering State’.$WWKH‘Ordering State’SRLQWDJHQWVZDLWIRUWKHPHVVDJH
µPreparing¶ WR EH ZULWWHQ GXULQJ WKH µPreparing’ WUDQVLWLRQ XQWLO WKH DJHQWV MXPS WR WKH µOrder
Completion’ VWDWH $W WKH ODVW VWHS DJHQWV UHWXUQ WR WKHLU ILUVW VWDWH RQFH WKH\ DUH WULJJHUHG E\ WKH
µComplete¶PHVVDJHLQVLGHWKHµFinished’ WUDQVLWLRQ
 0XOWL6KXWWOH%HKDYLRXU
7KH 0XOWL 6KXWWOH 0RYH DQ LQWHJUDWLRQ RI WKH DXWRQRPRXV VKXWWOH VWUXFWXUH ZLWK WKH $XWRPDWHG
*XLGHG9HKLFOH$*9SULQFLSOHKDVEHHQLPSOHPHQWHGLQDQDWWHPSWWRFUHDWHDQRYHODQGHIIHFWLYH
LQWUDORJLVWLFV V\VWHP 7KH PDLQ DGYDQWDJHV RI PXOWL VKXWWOHV LV QRW RQO\ WKDW WKH\ DUH FDSDEOH RI
PRYLQJRQWKHUDLOZKLFKLVPRXQWHGLQWKHVWRUDJHUDFNEXWDOVRWKDWWKH\DUHDEOHWROHDYHWKHVWRUDJH
UDFN DQG WRZRUN DV DQ$*9E\ XVLQJ RSHQ SDWK QDYLJDWLRQ7KHUHIRUH VKXWWOHV DUH FKDUJLQJ ERWK
LQVLGH WKH VWRUDJH DQG RXWVLGH WKH VWRUDJH7KHUH DUH ILYHPDLQ UHVSRQVLELOLWLHV HPEHGGHG LQWR HDFK
VKXWWOHZKLFKDUHUHWULHYDOUHVSRQVLELOLW\VWRUDJHUHVSRQVLELOLW\FROOHFWLQJHPSW\ELQVFKDUJLQJDQG
FROOLVLRQDYRLGDQFH7KHHQWLUHUHVSRQVLELOLWLHVRIVKXWWOHVJHQHUDWHGXVLQJVWDWHFKDUWVDUHSURYLGHGDV
IROORZVLQ)LJXUH
5HWULHYDO5HVSRQVLELOLW\
7KHILUVW WDVNRIVKXWWOHVXQGHUWKHUHWULHYDOUHVSRQVLELOLW\ LV WRDUULYHDW WKHULJKW OHYHORIVWRUDJH LQ
RUGHU WRSLFN WKHUHTXHVWHGUHWULHYDOSURFHVV6HFRQGO\ WKHVKXWWOHVPRYH LQDQDWWHPSW WRUHDFK WKH
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ZRUNVWDWLRQDUHDVE\XVLQJOLIWV*HQHUDOO\WKHUHWULHYDOSURFHVVFDQEHSHUIRUPHGLQDSDUWVWRSLFNHU
RUSLFNHUWRSDUWVPHWKRG,QWKLVVLPXODWLRQWKHUHWULHYDOSURFHVVLVFDUULHGRXWEDVHGRQWKH‘parts-to-
picker’PHWKRGZKLFKLVDOVRFDOOHGµPDWHULDOVWRPDQ¶7KLVPHWKRGPHDQVWKDWSLFNHUVDUHZDLWLQJLQ
IURQWRIZRUNVWDWLRQVDQGWKHSURGXFWVDUHFRQYH\HGIURPVWRUDJH WRZRUNVWDWLRQE\FRQYH\RUV7KH
PDLQEHQHILWRIWKLVV\VWHPLVWRUHGXFHWKHWRWDOWUDYHOWLPHRIZRUNHUVZLWKLQWKHVWRUDJHUDFNV$OVR
WKHSDUWVWRSLFNHUPHWKRGLVVXJJHVWHGIRUDXWRPDWHGRUDXWRQRPRXVLQWUDORJLVWLFVV\VWHPV
,QWKHOLWHUDWXUHWKHLPSRUWDQWPHWKRGVIRUVHTXHQFLQJRIUHWULHYDOSURFHVVDUHGHWHUPLQHGXQGHUWKUHH
KHDGLQJV  )LUVWFRPHILUVWVHUYHG ),)2 UHIHUV WR UHWULHYDO UHTXHVWV WKDW DUH OLVWHG EDVHG RQ WKH
DUULYDOVHTXHQFH6KRUWHVW&RPSOHWLRQ7LPHPHDQVWKDWWKHUHWULHYDOUHTXHVWVDUHRUGHUHGDFFRUGLQJ
WRFRPSOHWLRQWLPHDQGWKHVKRUWHVWRQHLVVHOHFWHGDVEHLQJILUVW7KHQHDUHVWQHLJKERXUPHWKRGLQ
ZKLFKUHWULHYDOUHTXHVWVDQGVWRUDJHUHTXHVWVDUHSDLUHGLQRUGHUWRILQGWKHPLQLPXPGLVWDQFHEHWZHHQ
WZRUHTXHVWV ,Q WKHSURSRVHG&76VLPXODWLRQ WKHUHWULHYDO UHTXHVWVDUHIXOILOOHGEDVHGRQ WKH),)2
PHWKRG
)URP WKH DVSHFW RI WKH VHTXHQFLQJ SUREOHP RI XQLWORDG WKH WZR F\FOH PHWKRGV WKDW IHDWXUH LQ
OLWHUDWXUHDUHWKHVLQJOHFRPPDQGF\FOHZKLFKVWDWHVWKDWPHUHO\DXQLWORDGLVWUDQVSRUWHGLQRWKHU
ZRUGV WKH FRPPDQG F\FOH FRXOG EH HLWKHU VWRUDJH RU UHWULHYDO 7KH GXDO FRPPDQG F\FOHZKLFK
LQFOXGHVDFRPELQDWLRQRIVWRUDJHDQGUHWULHYDOUHTXHVWVZKLFKDUHSHUIRUPHGVHTXHQWLDOO\,QWKH&76
VLPXODWLRQWKHVLQJOHF\FOHFRPPDQGLVXVHGEHFDXVHRIWKHSHULRGLFDODUULYDOUDWHRIVWRUDJHUHTXHVWV
6WRUDJH5HVSRQVLELOLW\
7KHVWRUDJHSURFHVVLVGLYLGHGLQWRWZRW\SHVEDVHGRQWKHILOOUDWHRIELQVWKHVWRUDJHRIIXOOELQV
SURFHVVLVUHODWHGWRWKHVWRUDJHRISURGXFWVWKDWDUHEURXJKWIURPWKHVXSSOLHU,QRUGHUWRDFFRPSOLVK
WKLVWDVNVKXWWOHVDUHUHVSRQVLEOHIRUDUULYLQJDWWKHUHSOHQLVKPHQWDUHDWRWDNHIXOOELQVDQGPRYHWKHP
WR WKH VWRUDJH DUHD 7KH VWRUDJH RI KDOI ELQV SURFHVV LV FRQFHUQHGZLWK WKH VWRUDJH SURGXFWV WKDW
UHPDLQDIWHUEHLQJDOORFDWHGDWWKHRUGHUSLFNLQJVWDWLRQ'XULQJWKLVSURFHVVVKXWWOHVKDYHWRFKHFNWKH
QXPEHURISURGXFWVLQHDFKELQDIWHUSURGXFWVRUWLQJEDVHGRQFXVWRPHUUHTXHVWV:KHQWKHTXDQWLW\
RIELQVLVKLJKHUWKDQWKHUHILOOSRLQWWKDWLVSUHGHWHUPLQHGDVDQRSHUDWLRQDOGHFLVLRQWKHELQVKRXOG
EHFRQYH\HGWRVWRUDJHE\VKXWWOHVDJDLQ7KHUHIRUHVWRUDJHUHTXHVWVDUHQRWRQO\LQWKHFXUUHQWVWXG\
EXWDOVRLQPDQ\FDVHVVWRUHGZLWKUHVSHFWWRWKHILUVWFRPHILUVWVHUYHGSULQFLSOH
&ROOHFW(PSW\%LQV
,IWKHQXPEHURISURGXFWVLQRQHELQLVORZHUWKDQWKHUHILOOSRLQWWKHVHELQVDUHFDOOHGHPSW\ELQV
:LWKLQWKHFRQWH[WRIWKHVLPXODWLRQVKXWWOHVDUHDOVRUHVSRQVLEOHIRUFROOHFWLQJHPSW\ELQVWRFDUU\WR
WKHUHSOHQLVKPHQWDUHDWRILOODJDLQ
&KDUJLQJ
$ VKXWWOH XVHV D NLQG RI EDWWHU\ IRU REWDLQLQJ HQHUJ\ZKLFK SURYLGHV DSSUR[LPDWHO\ IRXU KRXUV RI
WUDYHOOLQJERWK LQVLGH WKHVWRUDJHDQGRQ WKHJURXQG:KHQ WKHVWDWHRIEDWWHU\ LV ORZHU WKDQDSUH
VSHFLILHGOLPLWWKHVKXWWOHLVVXSSRVHGWRJRWRWKHFKDUJLQJDUHDWRUHFKDUJH7KHILOOUDWHRIWKHEDWWHU\
LVFRQWLQXRXVO\FKHFNHGHYHU\VHFRQGE\DVSHFLILFIXQFWLRQZKLFKLVHPEHGGHGLQWKHVLPXODWLRQ
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)LJXUH7KH6WDWH&KDUWRI0XOWL6KXWWOH%HKDYLRXU
&ROOLVLRQ$YRLGDQFH
,QRUGHUWRDYRLGFROOLVLRQEHWZHHQWZRRUPRUHVKXWWOHVWKHIROORZLQJVWDWHGLDJUDPVKRZQLQ)LJXUH
 LVFUHDWHGZKLFKPHDVXUHV ILUVWO\ WKHGLVWDQFHEHWZHHQDOOVKXWWOHVGXULQJ WUDYHOOLQJ:KHQWZR
VKXWWOHVDUHSUHVHQWZLWKLQWKHFROOLVLRQUDQJHILUVWRQHVWRSVDQGZDLWVXQWLOWKHVHFRQGVKXWWOHOHDYHV
WKHSUHGHWHUPLQHGUDQJH,QWKHPHDQWLPHWKHVHFRQGVKXWWOHPDNHVDQHIIRUWWRUXQDZD\LPPHGLDWHO\
E\DFFHOHUDWLQJLWVYHORFLW\
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)LJXUH&ROOLVLRQ$YRLGDQFH6WDWH&KDUW
 0DFKLQH%HKDYLRXU
Charging Machine 
,QWKH&76VLPXODWLRQIRXUFKDUJLQJPDFKLQHVDUHORFDWHGLQWKHVKXWWOHKRPHDUHDLQDQDWWHPSWWR
UHFKDUJHWKHHPSW\EDWWHULHVRIVKXWWOHV7RDQVZHUWKHTXHVWLRQDVWRZKLFKFKDUJLQJPDFKLQHVKRXOG
EHVHOHFWHG WKUHHGLIIHUHQW VWUDWHJLHVDUHHVWDEOLVKHG7KHVHDUHRandom 6HOHFWLRQZKLFKPHDQV
WKDW DQ\ PDFKLQH LV FKRVHQ DUELWUDU\  In Order which PHDQV WKDW DOO FKDUJLQJ PDFKLQHV DUH
HQXPHUDWHG DQG XVHG LQ UHJXODU WXUQ  Empty One, which PHDQV WKDW WKH VKXWWOH FDQ GHFLGH WKH
PDFKLQHRQO\E\FRQVLGHULQJZKHWKHULWLVLGOHRUQRW
7KHFKDUJLQJRSHUDWLRQLVPDGHLQWRDUXOHE\XVLQJWKHIROORZLQJVWDWHGLDJUDPJLYHQLQ)LJXUH
8VXDOO\FKDUJLQJPDFKLQHVDUHZDLWLQJ LQ WKH³Idle” VWDWHXQWLO DQ\VKXWWOH VHQGVDPHVVDJHZKRVH
EDWWHU\LVJHWWLQJFORVHWRHPSW\$IWHUFKDUJLQJLVFRPSOHWHGWKHXWLOL]HGPDFKLQHUHWXUQVWRWKHLQLWLDO
SRLQW



 




DE
)LJXUHD&KDUJLQJ6WDWH&KDUWDQGE6FUHHQVKRWRI&KDUJLQJ=RQH


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Left/ Right Lift Behaviour 
,Q FRQWUDVW WR WKH FUDQH V\VWHP UXQQLQJ WKURXJK DLVOHV WR VWRUH DQG UHWULHYDO SURFHVV LQ$656 WKH
HOHYDWRUVDUHXVHGWRSURYLGHYHUWLFDOPRYHPHQWRIWKHVKXWWOH7ZROLIWVDUHORFDWHGDWWKHEHJLQQLQJ
DQGHQGRIHDFKDLVOHWRULGHWKHOLIWXSDQGGRZQUHVSHFWLYHO\,QWKHOLWHUDWXUHRQHFRQVLGHUDEOHLVVXH
LV WR ILQG GZHOO±WKH SRLQW ORFDWLRQ RI FUDQH9DULRXVPHWKRGV KDYH EHHQ VXJJHVWHG WR ILQG RXW WKH
DQVZHU WR WKHTXHVWLRQRIZKHUH DQ LGOHFUDQH VKRXOGEHSRVLWLRQHG %R]HUHW DO 7KHPRVW
SRSXODUPHWKRGVDUH7KHInput StationPHWKRGZKLFKPHDQVWKDWWKHOLIWVVKRXOGEHDOZD\VDWWKH
LQSXWOHYHO7KHMidpointPHWKRGZKLFKLVXVHGWRHQVXUHWKHOHYHORIOLIWVLVORFDWHGLQWKHPLGGOH
RIWKHUDFNV7KHLast Location PHWKRGZKLFKUHIHUVWRSRVLWLRQLQJEDVHGRQWKHODVWORFDWLRQRIWKH
OLIW7KHVHPHWKRGVKDYHDOVREHHQDSSOLHGIRUWKH&76VLPXODWLRQ)RUWKHULJKWOLIWZKLFKLVLQFKDUJH
RIJRLQJXSWKHLQSXWVWDWLRQUXOHVDUHDSSOLHGZKLOHWKHPLGSRLQWUXOHLVXVHGIRUWKHOHIWOLIWZKLFKLV
UHVSRQVLEOHIRUJRLQJGRZQ7KHVWDWHFKDUWDQGVFUHHQVKRWRIWKHOLIWV\VWHPDUHJLYHQEHORZLQ)LJXUH

 
D      E
)LJXUHD/HIW5LJKW/LIW6WDWH&KDUWE6FUHHQVKRWRI/HIW/LIW
 &RQVWUXFWLRQRI&HOOXODU7UDQVSRUW6\VWHP6LPXODWLRQV
&HOOXODU 7UDQVSRUW 6\VWHP &76 VLPXODWLRQ KDV EHHQ VLPXODWHG RQ WKH EDVLV RI GLVWULEXWLRQ FHQWHU
SULQFLSOHVDQGUHIHUVWRDQLQWHUPHGLDWHSODFHORFDWHGLQWKHPLGGOHRIYDULRXVVRXUFHVDQGFXVWRPHUV
LQRUGHUWRPHUJHGLIIHUHQWFRPELQDWLRQVRIRUGHUUHTXHVWVDQGVKLS WKHPWRWKHSDUWLFXODUFXVWRPHU
0LQL ORDGV\VWHPVFDQEHGHILQHGDVD W\SHRIZDUHKRXVHV\VWHPZKHUHVPDOO LWHPVXVXDOO\NHSW LQ
VPDOOELQVWRWHVFRQWDLQHUVDUHKDQGOHG7KH&76FDQEHDFFHSWHGDVDW\SLFDOPLQLORDGV\VWHPDVDOO
SURGXFWV DUH FRQWDLQHG DQG VWRUHG LQ ELQV )XQGDPHQWDO ZDUHKRXVH RSHUDWLRQV ZKLFK DUH RUGHU
PDQDJHPHQW ORDGLQJXQORDGLQJ SDOOHWL]LQJGHSDOOHWL]LQJ SXUFKDVLQJ VWRUDJH RUGHU SLFNLQJ DQG
UHSOHQLVKPHQW RSHUDWLRQV DVVRFLDWHG ZLWK &76 SULQFLSOHV DUH H[SODLQHG LQ GHWDLO DV IROORZV 2WKHU
VLPXODWLRQSDUDPHWHUVDUHJLYHQLQ7DEOH
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4.4.1 The Order Management Process 
7KHRUGHUPDQDJHPHQW SURFHVV DLPV WR SURYLGH EHWWHU DUUDQJHPHQW EHWZHHQ FXVWRPHU UHTXLUHPHQWV
DQGLQWUDORJLVWLFVV\VWHPV$FFRUGLQJWRYDULRXVDUULYDOUDWHVVXFKDVQRUPDORUXQLIRUPGLVWULEXWLRQ
DOOFXVWRPHUUHTXHVWVDUHHQWHUHGLQWRWKHV\VWHP,QRUGHUWRFRQVWUXFWDQRUGHUWKUHHHVVHQWLDOLQSXW
YDOXHVVKRXOGDOVREHNQRZQ7KHVHDUHSURGXFWW\SHDPRXQWRIUHTXLUHGSURGXFWVDQGGHOLYHU\WLPH
:LWKUHVSHFWWRRUGHUSLFNLQJZRUNVWDWLRQFDSDFLW\WKHREWDLQHGRUGHUVDUHDFFXPXODWHGLQDSRRO,QD
&76 VLPXODWLRQ FDVH VWXG\ HDFK ZRUNVWDWLRQ LV DEOH WR GHDO ZLWK HLJKW FXVWRPHU RUGHUV
VLPXOWDQHRXVO\'XH WRKDYLQJILYHZRUNVWDWLRQV IRUW\RUGHUVFDQEHKDQGOHGDW WKHVDPHWLPH ,W LV
REYLRXV WKDW GHPDQGHG SURGXFW W\SHV DQG DPRXQWV GLIIHU IURP RQH RUGHU WR DQRWKHU +HQFH WKH
TXDQWLWLHVRIHDFKSURGXFWW\SHLQIRUW\RUGHUVDUHDGGHGXSWRILQGWKHWRWDOUHTXHVWLQWHUPVRIUHG
EOXHRU\HOORZSURGXFW W\SHV7KHQH[W WDVN LV WRGHWHUPLQHKRZPDQ\ELQV LW LV QHFHVVDU\ WREULQJ
IURPVWRUDJH0HDQZKLOH WKHFXUUHQW VWRFN LV FKHFNHG WR HVWDEOLVKZKHWKHU WKHDYDLODEOH DPRXQWRI
SURGXFWVLVXQGHUWKHUHRUGHUSRLQW,ILWLVWKHSXUFKDVLQJRUGHULVFUHDWHGDXWRPDWLFDOO\7KHRUGHU
PDQDJHPHQW V\VWHP LV HQWUXVWHG ZLWK DOORFDWLQJ WKH GXWLHV RI WKH UHWULHYDO SURFHVV WR VKXWWOHV E\
VHQGLQJPHVVDJHV
4.4.2 The Unloading & Loading Process  
7KHXQORDGLQJSURFHVVEHJLQVZLWKDFFHSWLQJWKHSXUFKDVHGLWHPVDIWHUXQORDGLQJIURPWUXFNVLQWRWKH
LQWUDORJLVWLFV V\VWHP 7KH LQFRPLQJ PDWHULDOV VKRXOG EH FKHFNHG LQVSHFWHG DQG UHFRUGHG LQWR WKH
V\VWHPEHIRUH WUDQVSRUWLQJ WR WKHVWRUDJHDUHD ,Q WKHXQORDGLQJDUHDLVDKLJKED\VWRUDJHZKLFKLV
FRQVWUXFWHG WR VWRUH SDOOHWV EHIRUH VHQGLQJ WR WKH GHSDOOHWL]LQJ RSHUDWLRQ 7KH EXON VWRUDJH LV
FRPSRVHGRIIRXUOHYHOVDQGWKLUW\SDOOHWFDSDFLWLHVIRURQHFRUULGRU,QWRWDORQHKXQGUHGDQGWZHQW\
SDOOHWV FRXOG EH VWRUHG VLPXOWDQHRXVO\ DQG D VLQJOH VXSSO\ WUXFN LV DEOH WR EULQJ DW PRVW WZHQW\
SDOOHWVIRURQHDUULYDO+HQFHWKH&76VLPXODWLRQPXVWJLYHDSXUFKDVHRUGHUHTXDORUOHVVWKDQILYH
WUXFNV7KHORDGLQJSURFHVVLVFDUULHGRXWDIWHUFXVWRPHURUGHUVDUHFRPSOHWHGDQGDFFXPXODWHGRQWKH
SDOOHWV7KHIRUNOLIWVFDUU\WKHVHSDOOHWVIURPWKHZRUNVWDWLRQDUHDWRWKHORDGLQJDUHD7KHORDGLQJDUHD
FRQWDLQVDKLJKED\VWRUDJHUDFNZKLFKLVLGHQWLFDOWRWKHVWRUDJHLQWKHXQORDGLQJDUHD7KHSXUSRVHRI
HVWDEOLVKLQJ WKLV VWRUDJH LV WKDW SDOOHWV VKRXOG ZDLW XQWLO WKH QXPEHU RI SDOOHWV LV HTXDO WR WUXFN
FDSDFLW\6FUHHQVKRWVRIWKHORDGLQJDQGXQORDGLQJSURFHVVDUHVKRZQEHORZLQ)LJXUH
   D       E
)LJXUHD6FUHHQVKRWRI/RDGLQJ=RQHE6FUHHQVKRWRI8QORDGLQJ=RQH
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4.4.3 The De-Palletizing & Palletizing Process 
3XUFKDVHGPDWHULDOVIURPVXSSOLHUVKDYHEHHQEURXJKWLQWKHIRUPRISDOOHWV$OWKRXJKLWLVSRVVLEOHWR
NHHSSURGXFWVRQDSDOOHW LQEXON VWRUDJH DOO SDOOHWV VKRXOGEH UHSDFNHG LQRUGHU WR UHDVVHPEOH IXOO
SDOOHWVWRVPDOOELQV7ZRUHDVRQVDUHDYDLODEOHEHKLQGWKHGHSDOOHWL]LQJSURFHVV2QHRIWKHPLVWKDW
WKHVWRUDJHV\VWHPLQ&76LVGHVLJQHGEDVHGRQPLQLORDGSULQFLSOHV7KHRWKHURQHLVWKDWVKXWWOHVDUH
FDSDEOHRIWUDQVSRUWLQJMXVWELQVGXHWRWKHLUGLPHQVLRQV
:KLOHWKHZKROHFXVWRPHURUGHUVDUHSDFNHGLQWRER[HVWKHSODFLQJRIER[HVRQSDOOHWVDUHFDUULHGRXW
DWWKHVDPHWLPHE\ZRUNHUV7KHSDOOHWL]LQJSURFHVVLVDYDLODEOHEHFDXVHRIWZRUHDVRQV7KHILUVWLVWR
IDFLOLWDWHFDUU\LQJE\IRUNOLIWVDQGWKHVHFRQGLVWRIDFLOLWDWHERWKGLVSDWFKLQJDQGVKLSSLQJ$VSHFLILF
SODFH LVQRWDOORFDWHGIRU WKHSDOOHWL]LQJRUGHSDOOHWL]LQJRSHUDWLRQLQWKH&76VLPXODWLRQKRZHYHU
WKH GHSDOOHWL]LQJ SURFHVV LV SHUIRUPHG LQVLGH WKH UHSOHQLVKPHQW DUHD DQG WKHSDOOHWL]LQJ SURFHVV LV
H[HFXWHGZLWKWKHSDFNLQJSURFHVVVLPXOWDQHRXVO\LQVLGHWKHZRUNVWDWLRQDUHD
4.4.4 The Storage Process 
'XHWRWKHQRYHOW\RIWKH&76VXIILFLHQWUHVHDUFKKDVQRWEHHQFDUULHGRXWLQOLWHUDWXUH7RLPSOHPHQW
WKHVWRUDJHFRQILJXUDWLRQGHVLJQSDUDPHWHUVLQFOXGLQJWKHQXPEHURIDLVOHVED\VWLHUVDQGRSHUDWLRQDO
SDUDPHWHUVLHUHRUGHUSRLQWSROLF\DQGVDIHW\VWRFNDUHGHHSO\LQYHVWLJDWHG)LUVWO\DWULDOKDOOZLWKD
PXOWLVKXWWOHV\VWHPHVWDEOLVKHGIRUH[SHULPHQWDOWHVWLQJLVXVHGDVDEDVHDQGH[WHQGHGE\LQVHUWLQJ
DGGLWLRQDOVWRUDJHUDFNV7KHVWRUDJHVWUXFWXUHLVFRPSRVHGRIIRXUDLVOHVDQGHDFKDLVOHFRQWDLQVWZR
VWRUDJH UDFNV LQZKLFK ILYH WLHUV DQG VHYHQW\ ILYH ED\V DUH LQFOXGHG ,Q WRWDO WKH VWRUDJH LV IRUPHG
IURPWKUHHWKRXVDQGED\V7KHJHQHUDOSHUVSHFWLYHRIVWRUDJHLVLOOXVWUDWHGEHORZLQ)LJXUH
)LJXUH7KHFRQILJXUDWLRQRIWKHVWRUDJHVWUXFWXUHRIWKH&76
$FFRUGLQJWRWKHGHSWKRIWKHVWRUHGSURGXFWWZRRSWLRQVFDQEHGHWHFWHGIURPOLWHUDWXUHDQGSUHVHQW
LQWUDORJLVWLFVDSSOLFDWLRQVZKLFKDUH6LQJOH'HHS6WRUDJHZKLFKVWRUHVSURGXFWVRQO\RQHELQGHHS
RQHDFKVLGHRI WKHDLVOHV$OWKRXJKLWSURYLGHVORZGHQVLW\VWRUDJHVLQJOHGHHSVWRUDJH LV WKHPRVW
FRPPRQO\XVHGLQDQ\LQWUDORJLVWLFVV\VWHPDQG'RXEOH'HHS6WRUDJHZKLFKDOORZVWKHVWRUDJHRI
RQHELQLQIURQWRIDQRWKHURQH'HVSLWHWKHIDFWWKDWLWXVHVWZLFHDVPXFKVWRUDJHFDSDFLW\DVVLQJOH
GHHS IOH[LELOLW\KDVQRWEHHQHQVXUHGEHFDXVHRI OLPLWHG DFFHVV ,Q WKH&76VLPXODWLRQ WKH VLQJOH
GHHSVWRUDJHPRGHOLVXVHG7KHUHDVRQIRUWKLVLVWKDWWKHVKXWWOHLVQRWFDSDEOHRIKDQGOLQJWKHUHDU
ORDGVLQRWKHUZRUGVWKHIURQWRIELQVVKRXOGEHXQRFFXSLHGWREHSLFNHGE\VKXWWOHV7KHVFUHHQVKRW
RIVWRUDJHDUHDVLVSURYLGHGLQ)LJXUH
3
2
4 1
3
2
1 Exit Enter
4
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)LJXUH6FUHHQVKRWRI6WRUDJH=RQH
)RUWKHRSHUDWLRQDOFRQILJXUDWLRQWKHDVVLJQPHQWRISURGXFWVWRVWRUDJHFDQEHGLVFXVVHGXQGHUWKUHH
KHDGLQJVGHGLFDWHGVWRUDJH UDQGRPVWRUDJHDQGFODVVEDVHGVWRUDJHZKLFKDUH WKHPRUH IUHTXHQWO\
XVHGPHWKRGVIRUDQ\LQWUDORJLVWLFVV\VWHPDQGDUHH[SODLQHGLQGHSWKDVIROORZV
5DQGRP6WRUDJH
$OO NLQGV RI SURGXFWV FDQ EH DVVLJQHG DQ\ XQRFFXSLHG ORFDWLRQZLWKRXWPDNLQJ DQ\ FDWHJRUL]DWLRQ
7KLVPHWKRGLQFUHDVHVVWRUDJHGHQVLW\PRUHWKDQGHGLFDWHGVWRUDJH
'HGLFDWHG6WRUDJH
(DFKSURGXFWW\SHPXVWEHVWRUHGLQLWVVSHFLILFORFDWLRQLQWKHVWRUDJHDUHD7KHPDMRUGUDZEDFNRI
GHGLFDWHG VWRUDJH LV WKDW UHVHUYLQJDXQLTXH ORFDWLRQ IRU DOO LWHPVFDQ UHVXOW LQPD[LPXP LQYHQWRU\
OHYHOV
&ODVV%DVHG6WRUDJH
7KLV PHWKRG LV DQ LQWHJUDWLRQ RI GHGLFDWHG DQG UDQGRP VWRUDJH SROLFLHV )LUVWO\ DOO SURGXFWV DUH
FDWHJRUL]HG LQWR FODVVHV LQ WHUPV RI WKHLU FRPPRQ IHDWXUHV DV LQ WKH FDVH RI GHGLFDWHG VWRUDJH
+RZHYHUWKHSURGXFWFDQEHVWRUHGDUELWUDULO\ZLWKLQDFODVVDVLQWKHFDVHRIUDQGRPL]HGVWRUDJHORJLF
,QWKH&76VLPXODWLRQWKHUDQGRPVWRUDJHDQGFODVVEDVHGVWRUDJHSROLF\RSWLRQVDUHRIIHUHGWRJLYH
WKHXVHUWKHIUHHGRPWRPDNHH[SHULPHQWDOWHVWV6HH)LJXUH




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
)LJXUH6FUHHQVKRWRI&ODVV%DVHG6WRUDJHDQG5DQGRP6WRUDJH$VVLJQPHQW

5HRUGHUSRLQWDQGVDIHW\VWRFNSDUDPHWHUVDUHDOVRGHWHUPLQHGDVDQDOWHUQDWLYHRSHUDWLRQDOSDUDPHWHU
RQWKHEDVLVRIWKHDPRXQWRISURGXFWVLQVWRUDJH%HIRUHWKDWH[SODQDWLRQVRIHDFKWHUPDUHJLYHQDV
IROORZV
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5HRUGHUSRLQW523 $SUHVSHFLILHGOHYHODWZKLFKWKHQHZSXUFKDVHRUGHULVJHQHUDWHG,WUHIHUV
WRWKHPLQLPXPDFFHSWDEOHLQYHQWRU\OHYHOIRUHDFKSURGXFWW\SH
6DIHW\VWRFN  ,QRUGHU WRDYRLG WKHFDVHRIVWRFNRXWDSDUWRI LQYHQWRU\ LVKHGJHGDVSURDFWLYHRU
EXIIHULQYHQWRU\:KHQDQXQH[SHFWHGLQFUHDVHRFFXUVLQGHPDQGVDIHW\VWRFNFDQEHXVHGWRHQVXUH
WKHIXOILOPHQWRIFXVWRPHURUGHUVRQWLPH
)RU WKH&76VLPXODWLRQVDIHW\VWRFNSROLF\ LVHPEHGGHG LQWRWKHV\VWHPDQG LVDQRSWLRQDOFRQWURO
VWUDWHJ\IRUXVHUVZKRFDQDFWLYDWHLWDVDSUHYHQWLYHPHDVXUH523LVXWLOL]HGDVQHFHVVDU\EXWVWLOO
WKHTXDQWLW\RILWFDQEHFKDQJHDEOH
4.4.5 The Purchasing Process 
,Q DQ DWWHPSW WR UHVWRFN WKH VWRUDJH SXUFKDVLQJ RSHUDWLRQV DUH FDUULHG RXW EDVHG RQ WKUHH GLIIHUHQW
ORJLFV)RUHFDVW6WUDWHJ\LVHVWDEOLVKHGRQWKHYDOXHREWDLQHGIURPWKHSUHGLFWLRQRIGHPDQG7KH
&KDQJH3ODQQLQJ6LPXODWLRQH[SODLQHGLQ&KDSWHULVDEOHWRSURGXFHGHPDQGDQGVXSSO\IRUHFDVWLQJ
JUDSKVHYHU\PRQWK+HQFHWKLVJUDSKLVWDNHQDVDEDVHWRGHWHUPLQHWKHSXUFKDVHRUGHUTXDQWLW\
7KH PD[LPXP OHYHO LV D VSHFLILF YDOXH IRU HDFK SURGXFW FODVV GHWHUPLQHG DW WKH EHJLQQLQJ RI WKH
VLPXODWLRQ7KHRUGHUTXDQWLW\ WKDWZLOO EH VXSSOLHG IURP WKH VXSSOLHU LV WKHGLIIHUHQFHEHWZHHQ WKH
PD[LPXPOHYHODQGWKHDYDLODEOHLQYHQWRU\)L[YDOXHPLJKWEHRIIHUHGDVDQDOWHUQDWLYHPHWKRG
DSDUWIURPWKHIRUHFDVWDQGPD[LPXPOHYHOPHWKRG,QWKLVPRGHOWKHXVHUFDQDUUDQJHWKHTXDQWLW\RI
WKHRUGHUZLWKRXWDQ\VSHFLILFUXOH
7KHTXHVWLRQRIZKHQWKHSXUFKDVHRSWLRQLVQHHGHGDQGKRZPDQ\SURGXFWVVKRXOGEHSXUFKDVHGIRU
HDFK SURGXFW W\SH LV GHWHUPLQHG E\ XVLQJ WKH FRQWLQXRXV FKHFN V\VWHP ,Q FDVHVZKHQ WKH H[LVWLQJ
TXDQWLW\ LV ORZHU WKDQ 523 D SXUFKDVH RUGHU LV WULJJHUHG IURP WKH LQYHQWRU\PDQDJHPHQW V\VWHP
DXWRPDWLFDOO\7KH W\SLFDO LQYHQWRU\ F\FOH LV LOOXVWUDWHG LQ WKH IROORZLQJ)LJXUH 7KHTXDQWLW\
ZRXOGEHVSHFLILHGDFFRUGLQJWRWKHDERYHPHQWLRQHGPHWKRGV7KHSXUFKDVHRUGHULVJLYHQDVDXQLWRI
WUXFNV ,QRUGHU WRILQGKRZPDQ\WUXFNVDUHUHTXLUHG WKHQHFHVVDU\SURGXFWDPRXQWVDUHFRQYHUWHG
LQWRWKHWUXFNXQLW

)LJXUH7KHLQYHQWRU\RUGHUF\FOH
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4.4.6 The Order Picking Process 
,Q WKH &76 VLPXODWLRQ RUGHU SLFNLQJ LV FRPSRVHG RI WZR HVVHQWLDO GXWLHV  FROOHFWLQJ DQG
DFFXPXODWLQJRISURGXFWVDFFRUGLQJ WR DSUHGHWHUPLQHGRUGHU OLVW E\ WKH VKXWWOHV  DOORFDWLQJDQG
VRUWLQJ SURGXFWV RQ WKH EDVLV RI FXVWRPHU UHTXHVWV E\ WKH ZRUNHUV 7KHUH DUH WKUHH RUGHU SLFNLQJ
PHWKRGV WKDW DUH FODULILHG EHORZ LQ GHSWK WR DVFHUWDLQ ZKLFK RQH LV PRVW DSSURSULDWH IRU WKH &76
VLPXODWLRQ
7KH%DWFK3LFNLQJ PHWKRGLQFOXGHVDOORFDWLRQRIRQHSURGXFWW\SHIRUDJURXSRIRUGHUVWRDSLFNHU
ZKRLVUHVSRQVLEOHIRUWDNLQJDOORIWKHPDWWKHVDPHWLPHZLWKLQDVLQJOHWULS$OWKRXJKWKLVPHWKRG
FDQEHDGYDQWDJHRXVIRUODUJHGHQVLW\RUGHUVWKDWFRQWDLQWKHVDPHLWHPV WKHVHOHFWLRQDQGVRUWDWLRQ
RSHUDWLRQLVQHHGHGWRDSSRUWLRQSURGXFWVDFFRUGLQJWRFXVWRPHUUHTXLUHPHQWVDIWHUSLFNLQJSURGXFWV
DVDEDWFK
7KH=RQH3LFNLQJ PHWKRGLVEHQHILFLDOIRURUGHUVWKDWFRQWDLQOLPLWHGQXPEHUVRILWHPVDQGQHHGWR
FRPSOHWHVRRQ,Q]RQHSLFNLQJPHWKRGWKHVWRUDJHDUHDLVGLYLGHGLQWRVHYHUDO]RQHVDQGRQHRUPRUH
WKDQRQHSLFNHULVDVVLJQHGRQHSDUWLFXODU]RQHWRSLFNDOORUGHUV
:DYH3LFNLQJ LVDSLFNLQJPHWKRGLQZKLFKRUGHUVDUHDVVLJQHGLQWRJURXSVZDYHV2UGHUOLVWVDUH
JHQHUDWHGWREHSLFNHGZLWKLQGHILQLWHWLPHGXUDWLRQ
,QWKH&76VLPXODWLRQWKHSURGXFWVUHTXLUHGE\WKHFXVWRPHUDUHFROOHFWHGE\VKXWWOHVEDVHGRQWKH
EDWFKRUGHUSLFNLQJVWUDWHJ\7KHIROORZLQJ)LJXUHGHPRQVWUDWHVWKHILYHZRUNVWDWLRQVWKDWDUHLQ
FKDUJH RI DOORFDWLQJ SLFNHG SURGXFWV LQ UHJDUG WR WKH GHPDQG RI FXVWRPHUV $IWHU DQ RUGHU LV
DFFRPSOLVKHGWKHFXVWRPHUER[HVDUHSODFHGRQWKHSDOOHWVIRUVKLSPHQW

)LJXUH6FUHHQVKRWRI:RUNVWDWLRQ=RQH
4.4.7 The Replenishment Process  
7KH UHSOHQLVKPHQW SURFHVV LQFOXGHV DOO IXQFWLRQV WKDW DUH UHODWHG WRERWK WUDQVIHUULQJ SDOOHWV IURPD
EXONVWRUDJHDUHDWRELQVDQGUHILOOLQJWKHHPSW\ELQVWKDWKDYHHPHUJHGGXULQJWKHSLFNLQJSURFHVV
7KUHH UHSOHQLVKPHQW WDEOHV DUH FRQVWUXFWHG IRU HDFK SURGXFW W\SH DQG DZRUNHU LV DVVLJQHG WR HDFK
WDEOH 7KH SURFHVV EHJLQV ZKHQ HPSW\ ELQV DUH EURXJKW E\ VKXWWOHV DQG WKH SDOOHWV IURP WKH EXON
VWRUDJHDUHDDUHDOVRFDUULHGLQE\IRUNOLIWV7KHZRUNHUILUVWO\UHDVVHPEOHVSDOOHWVWRILOOHPSW\ELQV
$IWHU UHSOHQLVKPHQW IXOO ELQV ZKLFK EHORQJ WR GLIIHUHQW SURGXFW W\SHV DUH DFFXPXODWHG LQ IURQW RI
WDEOHV/DVWO\ IXOOELQVDUHPRYHG LQWRVWRUDJH UDFNVE\VKXWWOHV7KH UHSOHQLVKPHQWSURFHVVDQG LWV
FRPSRQHQWVDUHGHSLFWHGLQWKHIROORZLQJ)LJXUH
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)LJXUH6FUHHQVKRWRIWKH5HSOHQLVKPHQW=RQH
4.4.8 The Transportation Process inside the Warehouse 
7KHWUDQVSRUWDWLRQSURFHVVLVFDUULHGRXWE\WZRVRUWVRIYHKLFOHVQDPHO\WKHVKXWWOHWKDWLVDEOHWR
FDUU\RQO\ELQVGXHWRLWVGHVLJQFRQILJXUDWLRQDQGWKHIRUNOLIWWKDWLVXVHGWRWUDQVSRUWSDOOHWVIRU
ORDGLQJ DQG XQORDGLQJ RSHUDWLRQV ,Q &76 VLPXODWLRQ GHVLJQ D ODUJH DUHD LV DOORFDWHG IRU WKH
WUDQVSRUWDWLRQDUHD7KHPDMRUUHDVRQEHKLQGWKLVGHFLVLRQLVWRSUHYHQWWKHUDWHRIFROOLVLRQEHWZHHQ
VKXWWOHV ,Q WKH H[LVWLQJ WULDO KDOO ILIW\ VKXWWOHVKDYH DOUHDG\EHHQPDGHDYDLODEOH7KHUHIRUH LQ WKH
RYHUDYHUDJHGHPDQGVLWXDWLRQLWLVLPSRVVLEOHWRLQFUHDVHLQWUDORJLVWLFVHIILFLHQF\HYHQE\KDYLQJD
VXIILFLHQW QXPEHU RI VKXWWOHV EHFDXVH RI WKH XQDFFHSWDEOHZDLWLQJ WLPHV EHWZHHQ VKXWWOHV WR DYRLG
FROOLVLRQ7KHFRQILJXUDWLRQRIVWRUDJHDQGWKHRUGHUSLFNLQJRSHUDWLRQRIWKH&76VLPXODWLRQLVTXLWH
FRPSOLFDWHG EHFDXVH LW LQYROYHV DZLGH UDQJH RIRSHUDWLRQDO DQG GHVLJQ SDUDPHWHUV7KH IROORZLQJ
)LJXUHLVEDVHGRQWKHVWXG\RI'H.RVWHUHWDODQGWKHLPSOHPHQWHGRSWLRQVLQWKH&76
VLPXODWLRQDUHPDUNHGE\WDNLQJWKHPLQWRWKHUHGIUDPH

)LJXUH'HVLJQDQG2SHUDWLRQDO3DUDPHWHUVRIWKH2UGHUSLFNLQJDQG6WRUDJH6\VWHPRIWKH&76
EDVHGRQ'H.RVWHUHWDO 
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&KDSWHU
$VVHVVPHQW0HWKRGRORJ\DQG6WDWLVWLFDO
$QDO\VLV
:LWKLQ WKHFRQWH[WRIWKLVVWXG\ WKHPRVWVLJQLILFDQWVHFWLRQ LV&KDSWHUDPRQJRWKHUV*HQHUDOO\
WKHVWDWLVWLFDODQDO\VHVDQGHYDOXDWLRQFKDUWVREWDLQHGIURPERWKVLPXODWLRQDQGDQDO\WLFDOPRGHOVDUH
SURYLGHG ,Q WKH ILUVW VXEVHFWLRQ &KDQJH3ODQQLQJ6LPXODWLRQZKLFK LV DQ LQWHJUDO SDUW RI WKH
$QWLFLSDWRU\ &KDQJH 3ODQQLQJ DSSURDFK LV SURYLGHG ZLWK D ZHOOGHYHORSHG VLPXODWLRQ WRRO 7KH
UHVXOWV JUDSKV GHPRQVWUDWHG DUH FRQFHUQHGZLWK IOH[LELOLW\ FRUULGRUV DQG WZR SURSRVHGPHWKRGV WR
HYDOXDWHWKHOLPLWVRIWKHIOH[LELOLW\FRUULGRUVDUHH[SODLQHGZLWKDQH[DPSOHDSSOLFDWLRQLQVXEVHFWLRQ
7RLQFUHDVHWKHFRPSHWHQFHRIWKHSURSRVHGPRGHOWKHFRVWSDUDPHWHUVDUHLQFOXGHGLQWKLVVWXG\
DQGIXUWKHUH[SODQDWLRQVDERXW WKHFRVWLQJRIH[LVWLQJH[SHQGLWXUHVDUHSUHVHQWHG LQ 2WKHUPDLQ
DQDO\VHV DERXW SHUIRUPDQFH DYDLODELOLW\ REWDLQHG IURP WKUHH PHWKRGV DORQJ ZLWK DQ H[DPSOH DUH
SURYLGHG LQ 0HDVXUH DQDO\VHV DQG LPSOHPHQWDWLRQ RI SURSRVHG IUDPHZRUNV DUH FDUULHG RXW LQ
,QRUGHUWRSURYHWKHDFFXUDF\RIWKHSURSRVHGV\VWHPILYHVFHQDULRVDUHJHQHUDWHG$OOVFHQDULRV
ZLWKWKHLUUHVXOWVDUHJLYHQLQVXEVHFWLRQ
 'HWHUPLQDWLRQRI6\VWHP/RDGDQG&KDQJH3ODQQLQJ6LPXODWLRQ
$VLJQLILFDQWDPRXQWRIOLWHUDWXUHKDVEHHQSXEOLVKHGRQWKHFDWHJRUL]DWLRQRISRVVLEOHULVNVRUFKDQJHV
LQ RWKHU VD\LQJ FKDQJH GULYHUV $Q H[DPSOH RI WKLV NLQG RI OLWHUDWXUH LV E\ &KULVWRSKHU DQG 3DFN
ZKRGLYLGHWKHVRXUFHRIFKDQJHVLQWRILYHFODVVHVHQYLURQPHQWVXSSO\GHPDQGFRQWURODQG
SURFHVV2Q WKHRWKHUKDQG7DQJHWDO GLYHUVLI\ WKH FODVVHVE\DGGLQJSROLWLFDO VRFLDODQG
EHKDYLRXUVRXUFHRIULVN6RPHRWKHUVWXGLHVKDYHDOVRDWWHPSWHGWRFODVVLI\WKHVRXUFHRIFKDQJHIRU
H[DPSOH&KRSUDHWDO+DUSHU3DUN%DVHGRQWKHDERYHPHQWLRQHGVWXGLHV
WKHIROORZLQJ)LJXUHLVFRQVWUXFWHGLQRUGHUWRVHHDOOSRVVLEOHFKDQJHGULYHUVDVDZKROH
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)LJXUH7KHSRVVLEOHVRXUFHVRIFKDQJHFODVVLILFDWLRQ

7DEOH&KDQJHFODVVLILFDWLRQIRUWKHFKDQJHSODQQLQJVLPXODWLRQ


'LIIHUHQWIURPFODVVLILFDWLRQLQOLWHUDWXUHFKDQJHDELOLW\WKDWLVHPHUJHGIURPFKDQJHGULYHUVKDVEHHQ
FDWHJRUL]HG LQWR ILYHDUHDV LQ WHUPVRI WKHHQYLURQPHQWRI ULVNV6RFLDO)LQDQFLDO1DWXUDO6XSSOLHU
DQG7HFKQRORJLFDO7KHSURSRVHGFODVVLILFDWLRQ LVXVHG WRHVWDEOLVK WKH&KDQJH3ODQQLQJ6LPXODWLRQ
&36ZKLFKLVUHSUHVHQWHGLQWKHIROORZLQJ7DEOHZLWKH[DPSOHVIRUHDFKFODVV
5.1.1 Specification of Change Drivers  
$OWKRXJK WKH VSHFLILFDWLRQV RI FKDQJH GULYHUV PLJKW EH H[DPLQHG GLIIHUHQWO\ IRU RWKHU NLQGV RI
UHVHDUFKWKHHVVHQWLDOIHDWXUHVRIHYHU\W\SHRIFKDQJHGULYHUDUHLQYHVWLJDWHGZLWKLQERWKWKHFRQWH[W
RIWKLVVWXG\DQG&KDQJH3ODQQLQJ6LPXODWLRQ7KLVLVH[SODLQHGLQGHSWKDVIROORZV
6RFLDO(IIHFW UHIHUV WR DQ LPSDFW RQ WKH FRPPXQLW\ WKDW FDQ FKDQJH SHUVRQDO LGHQWLW\ RU FXVWRPHU
ZDQWV DQG WUHQGV 7KHVH NLQGV RI HIIHFWVPLJKW WDNH D ORQJ WLPH ZKHQ WKH\ KDSSHQ +RZHYHU WKH
RFFXUUHQFHSUREDELOLW\LVVHOGRPRUXQOLNHO\7KHLPSDFWRIVRFLDOFKDQJHFDQEHUHDOL]HGRQDOONLQGV
RISURGXFWW\SHVDQGERWKFXVWRPHUDQGVXSSOLHUFRXOGEHLQIOXHQFHGE\LW$GGLWLRQDOO\LWLVDVVXPHG
WKDWWKHVRFLDOHIIHFWFDQKDYHSRVVHVVLRQRIHLWKHUQHJDWLYHFRQVHTXHQFHVRUSRVLWLYHFRQVHTXHQFHV
6RFLDO
&KDQJHV
)LQDQFLDO
&KDQJHV
1DWXUDO
&KDQJHV
7HFKQRORJLFDO
&KDQJHV
6XSSOLHU
&KDQJHV
6KLIWLQJ/LIHVW\OHV 2LO3ROLFLHV(QHUJ\
/HJLVODWLRQ	
5HJXODWLRQ
0DQXIDFWXULQJ
7HFKQRORJLHV
6XSSOLHU
%DQNUXSWF\
&RQVXPHU$WWLWXGHV )LQDQFLDO0DUNHW 3ROLWLFDO 7HFKQRORJLFDO,QQRYDWLRQ 3URGXFWLRQ&RVW
*OREDOLVDWLRQ &DSLWDO$YDLODELOLW\ &DWDVWURSKLF/RVV
,QIRUPDWLRQ
,QIUDVWUXFWXUH &RPSHWLWRU
6RFLRǦ'HPRJUDSKLFV (FRQRPLFV&ULVLV 7HUURULVP:DU 5	' 7UDQVSRUWDWLRQ'HOD\
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7KH 7HFKQRORJLFDO (IIHFW SRVVHVVHV RQO\ SRVLWLYH HIIHFWV RQ DOO SURGXFW W\SHV &RQWUDU\ WR VRFLDO
HIIHFWVWHFKQRORJLFDOHIIHFWVFDQRFFXUIUHTXHQWO\2QWKHRWKHUKDQGWKHVHYHULW\RIWKLVHIIHFWFDQEH
DFFHSWHGDVEHLQJEHWZHHQPRGHUDWHDQGPDMRU7KHLPSDFWRQSURGXFWSULFHDQGOHDGWLPHGHSHQGVRQ
XQLIRUPGLVWULEXWLRQDVZHOODVRQWKHRWKHUFKDQJHGULYHUV
7KH)LQDQFLDO(IIHFW LVJHQHUDOO\DFFHSWHGDVDQHFRQRPLFFULVLVRUDQ\XQFHUWDLQW\LQWKHEXVLQHVV
PDUNHW+RZHYHU WKHILQDQFLDOHIIHFWFDQDOVREHSRVLWLYH+HQFHWKHILQDQFLDOHIIHFWPLJKWEHERWK
KDUPIXO DQG EHQHILFLDO IRU WKH HQWHUSULVH 7KH IUHTXHQF\ RI RFFXUUHQFH RI ILQDQFLDO HIIHFWV LV
UHDVRQDEO\SUREDEOHEXWVWLOO WKHYROXPHRIFKDQJHLVQRWFULWLFDO'XHWRWKHIDFWWKDWWKHILQDQFLDO
HIIHFW LV FRQFHUQHG ZLWK PRQHWDU\ H[SDQVLRQ RU GHSUHVVLRQ WKH SULFH RI WKH SURGXFW LV PHUHO\
LQIOXHQFHG
7KH1DWXUDO(IIHFWFRQWDLQVSROLWLFDODQGOHJLVODWLRQUHJXODWLRQFKDQJHVEHVLGHVFDWDVWURSKLFKD]DUGV
'LIIHUHQW IURPRWKHUFKDQJHGULYHUV WKH LPSDFWRIQDWXUDOHYHQWVFDQEHUHFRJQL]HG LPPHGLDWHO\E\
ERWKFXVWRPHUVDQGVXSSOLHUV,W LVDFFHSWHGDVDKDUPIXOHIIHFWRQWKHSULFHRISURGXFWDQGGHOLYHU\
WLPH ZLWKLQ WKH IUDPH RI WKLV VWXG\ 7KH YROXPH RI FKDQJH LV GHWHUPLQHG E\ XVLQJ D XQLIRUP
GLVWULEXWLRQIXQFWLRQ
7KH3URPRWLRQ(IIHFW FRPHV LQWR SOD\ZKHQ D GHFUHDVH LQ WKH SULFH RFFXUV ,W LV REYLRXV WKDW WKH
LPSDFW RQ GHPDQG LV DOZD\V SRVLWLYH DV FXVWRPHUV DOZD\V ZDQW WR EH DEOH WR EX\ SURGXFWV DW DQ
DIIRUGDEOHSULFH,QIDFW WKHVXSSOLHUVDUHQRWDIIHFWHGIURPDQ\NLQGRISURPRWLRQGLUHFWO\$QRWKHU
GLIIHUHQW DVSHFW RI WKH SURPRWLRQ DIIHFW LV WKDW WKH WLPH RI UHDOL]DWLRQ RI RQH SURPRWLRQ LV NQRZQ
H[DFWO\,QRWKHUZRUGVLWLVQRWUHJDUGHGDVDQXQH[SHFWHGHYHQW
7KH SURPRWLRQ HIIHFW LV GLYLGHG LQWR WZR SDUWV EDVHG RQ WKH H[WHQW RI WKH UHJLRQ LQ ZKLFK WKH
SURPRWLRQZLOOEHFRPHHIIHFWLYH7KHILUVWRQHLV*OREDO3URPRWLRQPDGHIRUDOOUHJLRQV/RFDO
3URPRWLRQLVFDUULHGLQWRHIIHFWIRUPHUHO\RQHUHJLRQ:KDWLVVXSSRVHGLVWKDWWKHGXUDWLRQRILPSDFW
VKRXOGEHORQJHUWKDQORFDOSURPRWLRQ$SDUWIURPWKDWWKHHIIHFWDQGWKHRFFXUUHQFHSUREDELOLW\DUH
VLPLODU
6XSSOLHU (IIHFW GLIIHUV IURP RWKHU W\SHV RI HIIHFWV ZLWK UHJDUG WR WKH DIIHFWHG WDUJHW JURXS 7KH
SURGXFWLRQ FRVW VXSSOLHU EDQNUXSWF\ DQG VHULRXV FRPSHWLWLRQ HQYLURQPHQWV ZKLFK DUH QRW GLUHFWO\
UHODWHGWRFXVWRPHUVPLJKWEHJLYHQDVDQH[DPSOHRIVXSSOLHUHIIHFWV2WKHUNLQGVRIFKDQJHGULYHUV
DUHDEOHWRDIIHFWWKHSURGXFWSULFHDQGTXDOLW\DQGOHDGWLPHZKHUHDVVXSSOLHUHIIHFWVKDYHDVHULRXV
LQIOXHQFH RQ WKH UDZ PDWHULDO FRVW TXDOLW\ DQG OHDG WLPH $V FDQ EH XQGHUVWRRG IURP WKH DERYH
H[DPSOHVWKHVXSSOLHUHIIHFWFRXOGEHDOPRVWKDUPIXOZKHQLWRFFXUV,QDGGLWLRQWKHH[SHFWDWLRQRI
WKHRFFXUUHQFHLVDQQXDODVZHOODVDVHULRXVVHYHULW\
7KH DERYHPHQWLRQHG FKDQJH GULYHUV WDNH SODFH HLWKHU PDQXDOO\ RU UDQGRPO\ )RU WKH UDQGRP
KDSSHQLQJ WKH SUREDELOLW\ RI WKH RFFXUUHQFH LV HPEHGGHG LQWR HDFK FKDQJH IXQFWLRQ DQG IRU WKH
PDQXDOKDSSHQLQJWKHEXWWRQFRQWUROVDUHFUHDWHGDVFDQEHVHHQLQWKHIROORZLQJ)LJXUH
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)LJXUH&KDQJHGULYHUVLQVLGH&KDQJH3ODQQLQJ6LPXODWLRQ
5.1.2 The Agent- Based Approach for Change Planning Simulation  
$JHQWEDVHGPRGHOOLQJGHDOVZLWKVRPHV\VWHPVLQZKLFKWKHQXPEHURIDFWLYHREMHFWVDUHLQFOXGHG
VXFK DV KXPDQ FRQVXPHUPDFKLQH HWF  $GGLWLRQDOO\ LW FRXOG EHPRUH VXLWDEOH WR XVH WKH DJHQW
EDVHGPRGHOLIWKHDSSOLFDWLRQLVPRGXODUGHFHQWUDOL]HGFKDQJHDEOHDQGFRPSOH[-HQQLQJV,Q
DGHFHQWUDOL]HGHQYLURQPHQWWKHVHDFWLYHREMHFWVQDPHO\DJHQWVVKRXOGFRPPXQLFDWHZLWKHDFKRWKHU
LQRUGHUWRFRPSOHWHDSUHGHILQHGWDVNZLWKRXWDQ\FHQWUDODXWKRULW\7KHSURSRVHGPRGHOZLWKLQWKH
ERUGHUV RI WKH SUHVHQW VWXG\ DQVZHUV WR WKH GHVFULSWLRQ RI WKH DERYH SURSHUWLHV E\ KDYLQJ DFWLYH
REMHFWV VXFK DV FXVWRPHUV DQG VXSSOLHUV HWF DQG D FKDOOHQJLQJ DQG FKDQJHDEOH EXVLQHVV PDUNHW
7KHUHIRUHWKH&KDQJH3ODQQLQJ6LPXODWLRQ&36LVFRQVWUXFWHGDFFRUGLQJWRDJHQWEDVHGPRGHOOLQJ
SKLORVRSK\ 6LPXODWLRQ RI WKH YLUWXDOPDUNHWZLWK FKDQJH GULYHUV DQG WZR DJHQWV DV DFWLYH REMHFWV
&XVWRPHUDQG6XSSOLHUZLOOEHH[SODLQHGZLWKWKHLUFKDUDFWHULVWLFVEHKDYLRXUVDVIROORZV
 &XVWRPHU%HKDYLRXU
)LUVWO\ILYHUHJLRQVRI*HUPDQ\QDPHO\+DPEXUJ%HUOLQ'VVHOGRUI)UDQNIXUWDQG0XQLFKWKDWDUH
LOOXVWUDWHGLQWKHIROORZLQJ)LJXUHDUHFUHDWHGDQGFXVWRPHUVDUHSRVLWLRQHGUDQGRPO\LQD
GLIIHUHQWUHJLRQRIWKHFRXQWU\







)LJXUH)LYH5HJLRQVRI*HUPDQ\
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$W WKH EHJLQQLQJ RI WKH VLPXODWLRQ IDYRXULWH SURGXFWV DUH DVVLJQHG WR HDFK FXVWRPHU DW UDQGRP
+RZHYHUWKHFXVWRPHU¶VSUHIHUHQFHVKRZVDQDOWHUQDWLRQGXULQJWKHVLPXODWLRQSHULRGEHFDXVHRIWKH
LQIOXHQFHVRIYDULRXVFKDQJHVKDSSHQLQJLQDGLIIHUHQWWLPH7KHUHDUHWKUHHSDUDPHWHUVWKDWGHWHUPLQH
ZKHWKHU WKH FXVWRPHU VZLWFKHV WR DQRWKHU SURGXFW W\SH RU UHPDLQV OR\DO WR D SUHYLRXV IDYRXULWH
SURGXFW7KHVHDUHSURGXFWTXDOLW\OHDGWLPHDQGSURGXFWSULFHDQGFDQEHVHHQLQ)LJXUHZKLFK
LVDVFUHHQVKRWRIWKHFRQWUROSDQHO,QRUGHUWRUHIOHFWWKHUHDOLW\KDELWXDOEHKDYLRXUHIIHFWDQGSURGXFW
OR\DOW\HIIHFWDUHLQFOXGHGLQWKH&KDQJH3ODQQLQJ6LPXODWLRQE\JLYLQJDVSHFLILFSHUFHQWDJHZKHQ
WKHHTXDWLRQLVXVHGWRFDOFXODWHWKHFXVWRPHUµVSUHIHUHQFH$OVRLWLVSRVVLEOHWKDWQRQHRISURGXFWV
FDQEHSXUFKDVHGE\DQ\FRQVXPHUVWKDWDUHFDOOHGXQZLOOLQJFXVWRPHUV






)LJXUH&RQWURO3DQHOIRU3ULFH4XDOLW\DQG/HDG7LPHRI7KUHH3URGXFWV
7KH&XVWRPHU3UHIHUHQFH)XQFWLRQ
,Q RUGHU WR HYDOXDWH WKH IXQFWLRQ RI WKH FXVWRPHU¶V SUHIHUHQFH DIWHU HYHU\ FKDQJH RFFXUV WZR
SURSRUWLRQV DUH WDNHQ LQWR DFFRXQWZKLFK DUH PHPRU\SDUDPHWHUV DUH DOORFDWHG DUELWUDULO\ DW WKH
EHJLQQLQJRIWKHVLPXODWLRQZKLFKUHIHUWRWKHZHLJKWRISUHYLRXVSUHIHUHQFHVWKLVYDOXHFDQEHDOWHUHG
ZKHQ WKH UHPDLQLQJ LQIOXHQFH SDUDPHWHUV FKDQJH  WKH YROXPH RI LQIOXHQFH DQG UDWLR RI WKH
DFFXPXODWHGYDOXHRISULFHTXDOLW\DQG OHDG WLPHHIIHFWV ,W LVFHUWDLQ WKDWHDFKFKDQJHGULYHUKDVD
SDUWLFXODUDQGVHSDUDWHLQIOXHQFHRQSULFHTXDOLW\DQGOHDGWLPHV7KHUHE\WKLVVSHFLILFLQIOXHQFHLV
FRQVLGHUHG DV DYROXPHRI LQIOXHQFH ,Q DGGLWLRQ WKH UHODWLRQVKLSEHWZHHQFXVWRPHUSUHIHUHQFH DQG
TXDOLW\LVLQGLUHFWSURSRUWLRQZKHUHDVSULFHDQGOHDGWLPHDUHLQYHUVHO\SURSRUWLRQDO
0RUHRYHUWKHIROORZLQJIXQFWLRQVDUHHPEHGGHGLQWRFXVWRPHUEHKDYLRXULQRUGHUWRPRUHDFFXUDWHO\
UHIOHFWUHDOLW\
7KH&RQWDFW)XQFWLRQLVDIXQFWLRQLQZKLFKWKHFRQWDFWLQIOXHQFHLVFDOFXODWHG:KHQWZRRUPRUH
FRQVXPHUV FRPH WRJHWKHU WKH FRQWDFW HIIHFW RFFXUV (YHU\ FRQWDFW UHVXOWV LQ DQ LQIOXHQFH GXH WR
KDYLQJDQHIIHFWRQRQHFXVWRPHUDQGRQDQRWKHUFRQVXPHU¶VGHFLVLRQ
7KH0RYHWRDQRWKHU&RXQW\)XQFWLRQLQYROYHVGLVSODFHPHQWHIIHFWV&RQVXPHUVDUHDEOHWRPRYH
IURP RQH UHJLRQ WR DQRWKHU UHJLRQ EDVHG RQ D UHORFDWLRQ UDWH EHFDXVH RI VRPH QDWXUDO GLVDVWHU RU
FDWDVWURSKLFORVV
7KH$GGRU5HPRYH&XVWRPHU)XQFWLRQ LVZULWWHQZLWK-DYDSURJUDPPLQJFRGH WRVKRZWKHUHDO
PDUNHWFRQGLWLRQVPRUHSUHFLVHO\$IWHUVRPHFKDQJHVWKHDPRXQWRIFRQVXPHUVLQDVSHFLILFUHJLRQ
FRXOGLQFUHDVHRUGHFUHDVHE\DGGLQJRUUHPRYLQJFXVWRPHUVEDVHGRQWKHYROXPHRILPSDFW
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 6XSSOLHU%HKDYLRXU
6RFLDOILQDQFLDOQDWXUDODQGWHFKQRORJLFDOFKDQJHVDIIHFWERWKFRQVXPHUVDQGVXSSOLHUVDWWKHVDPH
WLPHKRZHYHUVXSSOLHUHIIHFWRQO\LPSDFWVRQWKHDPRXQWRIVXSSOLHGSURGXFW7KUHHSURGXFWVQDPHO\
EOXHUHGDQG\HOORZDUHVXSSOLHGIURPWKUHHGLIIHUHQWVXSSOLHUVHDFKSURGXFLQJRQHW\SHRISURGXFW
VHSDUDWHO\5HGSURGXFWVXSSOLHUEOXHSURGXFWVXSSOLHUDQG\HOORZSURGXFWVXSSOLHUDUHLOOXVWUDWHGLQ
WKH IROORZLQJ )LJXUH  7KH DPRXQW RI VXSSOLHG SURGXFWV IURP HDFK VXSSOLHU DUH EDVHG RQ WKUHH
YDULDEOHV WKHPDWHULDO FRVW RI WKH SURGXFW WKH OHDG WLPH DQG WKH TXDOLW\ RI UDZPDWHULDOV RU VHPL
ILQLVKHGSURGXFWZKLFKZLOOEHXVHGIRUWKHILQLVKHGSURGXFW7KHUHIRUHHDFKFKDQJHKDVDSDUWLFXODU
LQIOXHQFH RQ VXFK YDULDEOHV DQG WKH VXSSOLHU FDQ GHWHUPLQH WKH DPRXQW RI SURGXFWV WR SURGXFH E\
ORRNLQJDWWKHFKDQJHVRIWKHVHYDULDEOHV
,QRUGHUWRFDOFXODWHWKHDPRXQWRIVXSSOLHGSURGXFWVIRUHDFKW\SHWKHUHDUHWZRYDULDEOHVDYDLODEOH
ZKLFKDUHWKHH[SHFWHGGHPDQGYDOXHWKDWLVIRUHFDVWHGZHHNO\DQGWKHUDWLRRIWKHDFFXPXODWHG
YDOXHRIPDWHULDOFRVWTXDOLW\DQGOHDGWLPH

)LJXUH&RQWURO3DQHOIRU0DWHULDO&RVW4XDOLW\DQG/HDG7LPHRI6XSSOLHG3URGXFWV
5.1.3 The Logic behind the Impact of Changes 
,WLVDEVROXWHO\FOHDUWKDWHDFKFKDQJHGULYHUKDVVRPHGLVWLQFWLYHIHDWXUHV,QRUGHUWRGLIIHUHQWLDWHWKH
SRVVLEOH LPSDFW RI HYHU\ FKDQJH VRPH SDUDPHWHUV JLYHQ LQ GHWDLO EHORZ DUH FRPSUHKHQVLYHO\
LGHQWLILHG
3URGXFWW\SH7KHQXPEHURISURGXFWW\SHVZKLFKDUHLQIOXHQFHGE\FKDQJHRUULVNV
%HJLQQLQJ WLPH RI LPSDFW 7KH WLPH RI GD\ VKRZV KRZ PDQ\ GD\V DUH UHTXLUHG DIWHU D FKDQJH
KDSSHQVWRUHDOL]HWKHLPSDFWRIFKDQJH
'XUDWLRQRILPSDFW7KHGXUDWLRQLQGD\VVKRZVRYHUKRZORQJWKHFKDQJHLPSDFWWDNHVSODFH
5DWHRIWKHFKDQJHRFFXUUHQFH7KHQXPEHURIFKDQJHRFFXUUHQFHVSHUDSUHGHWHUPLQHGWLPHSHULRG
RUWKHIUHTXHQF\RIFKDQJHRUULVN
9ROXPHRI LPSDFW 7KHYROXPHRI LPSDFW LV FDXVHG E\ D SDUWLFXODU DFWLRQ DQG LW UHIHUV WR D WRWDO
LQIOXHQFHRQDFXVWRPHURUVXSSOLHU
7RWDO LPSDFWRQSULFHTXDOLW\RU OHDGWLPH7KHDPRXQWRI LQIOXHQFHRQHDFKSDUDPHWHUQDPHO\
SULFH TXDOLW\ DQG OHDG WLPHZKLFK DUHXVHG WRGHWHUPLQH WKH FXVWRPHU¶VGHFLVLRQ LQ WKHSUHIHUHQFH
HYDOXDWLRQ
(IIHFWW\SH7KHHIIHFWRIFKDQJHFRXOGEHDOZD\VSRVLWLYH OLNHSURPRWLRQRUDOZD\VQHJDWLYH OLNH
QDWXUDOGLVDVWHURUERWKOLNHILQDQFLDORUVRFLDOHIIHFWV
7KHYDOXHVRIDOOSDUDPHWHUVIRUDOONLQGVRIFKDQJHGULYHUVWKDWDUHXVHGLQ&36DUHJLYHQLQWKH
IROORZLQJ7DEOHDQG7DEOH 
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
7DEOH7KH3URSHUWLHVRI&KDQJH'ULYHUVIRUWKH6XSSO\3URFHVV







7DEOH3URSHUWLHVRI&KDQJH'ULYHUVIRUWKH'HPDQG3URFHVV

5.1.4 Implementation of Change Planning Simulation  
%HIRUH D&36 VLPXODWLRQ LV UXQ DFRQWUROSDQHO VKRZQ LQ )LJXUH LV JHQHUDWHG LQRUGHU WRJLYH
XVHUVDFKDQFHWRVHWWKHLQLWLDOYDOXHRIWKHFKDQJHGULYHUV$WWKHVDPHWLPHLWLVSRVVLEOHWRVD\WKDW
RQH FKDQJH GULYHU FDQ EH HOLPLQDWHG IURP WKH V\VWHP FRPSOHWHO\ ZLWK WKH KHOS RI WKH FKHFNER[
FRQWURO ORFDWHG LQ WKH FRQWURO SDQHO 7R DYRLG DFFLGHQWDO PLVWDNHV GXULQJ YDOXH HQWHULQJ LQWR WKH
V\VWHPWKHVOLGHUFRQWUROVWKDWDOORZXVHUVWRVHOHFWDTXDQWLWDWLYHYDOXH LQVLGHDOLPLWHGLQWHUYDOE\
VOLGLQJDPRXVHDUHXVHG 
&KDQJH7\SHVRQ$PRXQWRI6XSSO\
 6RFLDO )LQDQFLDO 1DWXUDO 7HFKQRORJLFDO 6XSSOLHU
3URGXFW7\SH     
%HJLQ7LPH     
'XUDWLRQ GD\V GD\V GD\V GD\V GD\V
5DWH \HDUV \HDU \HDUV \HDU \HDU
9ROXPH     
3ULFH 8QLIRUP 8QLIRUP 8QLIRUP  8QLIRUP
4XDOLW\ 8QLIRUP   8QLIRUP 8QLIRUP
/HDG7LPH   8QLIRUP 8QLIRUP 8QLIRUP
(IIHFW7\SH %RWK %RWK 1HJDWLYH 3RVLWLYH 1HJDWLYH
&KDQJH7\SHVRQ$PRXQWRI'HPDQG
 6RFLDO )LQDQFLDO 1DWXUDO 7HFKQRORJLFDO
/RFDO
3URPRWLRQ
*OREDO
3URPRWLRQ &RQWDFW
3URGXFW7\SH       
%HJLQ7LPH       
'XUDWLRQ GD\V GD\V GD\V GD\V GD\V GD\V GD\V
5DWH \HDUV \HDU \HDUV \HDU \HDU \HDU \HDU
9ROXPH       
3ULFH 8QLIRUP 8QLIRUP 8QLIRUP  8QLIRUP 8QLIRUP 
4XDOLW\ 8QLIRUP   8QLIRUP   
/HDG7LPH   8QLIRUP 8QLIRUP   
(IIHFW7\SH %RWK %RWK 1HJDWLYH 3RVLWLYH 3RVLWLYH 3RVLWLYH %RWK
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)LJXUH7KH6LPXODWLRQ3DQHOWR6HW,QLWLDO9DOXHVRI$OO&KDQJH'ULYHUV
$IWHU UXQQLQJ WKHVLPXODWLRQ WKH IROORZLQJ)LJXUHDSSHDUVRQ WKHVFUHHQ$SDUW IURPFXVWRPHUV
ZKR DUH VFDWWHUHG DURXQG UHJLRQV VXSSOLHUV FKDQJH GULYHUV LPSDFW FRQWURO SDUDPHWHUV DQG WKH
VWDWLVWLFVSDUWDUHLQFOXGHGLQWRWKHV\VWHP7KHVWDWLVWLFVDQDO\VLVFRQVLVWVRIWZRSLHFKDUWVDQGWLPH
VHULHVFKDUWVWKDWVKRZWKHIOXFWXDWLRQVRIGHPDQGHGDQGVXSSOLHGSURGXFWV
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7HFKQRORJLFDO7HFKQRORJLFDO
7HFKQRORJLFDO
/RFDO3URPRWLRQ/RFDO3URPRWLRQ
6RFLDO
1DWXUDO )LQDQFLDO )LQDQFLDO
*OREDO3URPRWLRQ
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Time/ Month 
'HPDQGHG3URGXFW)OXFWXDWLRQ
%OXH3URGXFW 5HG3URGXFW <HOORZ3URGXFW
6XSSOLHU
6XSSOLHU
6XSSOLHU
7HFKQRORJLFDO
7HFKQRORJLFDO
7HFKQRORJLFDO
/RFDO3URPRWLRQ
6XSSOLHU
/RFDO3URPRWLRQ6RFLDO
1DWXUDO 6XSSOLHU
)LQDQFLDO
)LQDQFLDO
*OREDO3URPRWLRQ
7HFKQRORJLFDO
1DWXUDO*OREDO3URPRWLRQ
)LQDQFLDO

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



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Time /Month 
6XSSOLHG3URGXFW)OXFWXDWLRQ
%OXH3URGXFW 5HG3URGXFW <HOORZ3URGXFW
7KH VLPXODWLRQ SHULRG IRU WKH &36 LV GHWHUPLQHG IRU RQH \HDU DQG LW VLPXODWHV WKH YLUWXDO PDUNHW
FRQGLWLRQV E\ WDNLQJ DOO FKDQJH GULYHUV LQWR FRQVLGHUDWLRQ 7KH PDMRU H[SHFWDWLRQ IURP WKH &36
VLPXODWLRQLVWRREWDLQDFKDUWWKDWVKRZVZKHQWKHFKDQJHVRFFXUUHGDQGKRZPXFKWKHGHPDQGHGRU
VXSSOLHG SURGXFWV DUH DIIHFWHG IURP WKLV HYHQW +HQFH XVHUV FRXOG IROORZ DOO FKDQJHV WKDW KDG
RFFXUUHGDORQJZLWKWKHLUSRVLWLYHRUQHJDWLYHLPSDFWVIURPWKHIROORZLQJ)LJXUHVDQG







)LJXUH7KH$PRXQWRI6XSSOLHG3URGXFWV
,W LV DSSDUHQW IURP WKH DERYH WLPH SORW FKDUW WKDW WKH DPRXQW RI VXSSOLHG SURGXFWV LQFUHDVHV RU
GHFUHDVHV VKDUSO\ZKHUHDV WKH IROORZLQJFKDUW VKRZV WKDW WKHUHKDVEHHQD VOLJKW ULVHRU IDOO LQ WKH
QXPEHURIGHPDQGHGSURGXFWVIURPWKHFXVWRPHU7KHUHDVRQEHKLQG WKHVHFRQVHTXHQFHV LV WKDW WKH
VXSSOLHUHIIHFWVDUHDGGLWLRQDOHIIHFWVIRUWKHVXSSOLHUEXWWKHGHPDQGHGSURGXFWVDUHQRWLQIOXHQFHGE\
LWGLUHFWO\





 
)LJXUH7KH$PRXQWRI'HPDQGHG3URGXFWV
 'HWHUPLQDWLRQRI)OH[LELOLW\&RUULGRUV
8S WR QRZ WKHUH KDV EHHQ QR VWXG\ DERXW WKH FDOFXODWLRQ RI IOH[LELOLW\ FRUULGRUV LQ OLWHUDWXUH7KLV
VWXG\ VHHNV WR GHWHUPLQH IOH[LELOLW\ FRUULGRUV 7R FRSH ZLWK WKLV GHILFLHQF\ WZR PHWKRGV DUH
LQYHVWLJDWHG 2QH RI WKHP LV WKH 6WDWLVWLFDO &RQWURO &KDUW 6&& DSSURDFK WKH RWKHU RQH LV WKH
([SHULPHQWDO5HVHDUFK0HWKRG(50DQGDIXUWKHUH[SODQDWLRQDERXWWKHPLVJLYHQDVIROORZV




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5.2.1 The Confidence Interval and Control Chart  
7KHUHDUHVLPLODULWLHVEHWZHHQWKHDWWLWXGHVRIWKH6&&DQGWKHIOH[LELOLW\FRUULGRUV%HFDXVHRIWKLV
WKH SULQFLSDO RI WKH SURFHVV FRQWURO FKDUW FDQ EH XWLOL]HG LQ RUGHU WR PDNH VXUH NH\ SHUIRUPDQFH
LQGLFDWRUVIRUWKHLQWUDORJLVWLFVV\VWHPVVWD\ZLWKLQWKHQRUPDOUDQJH
$FRQWUROFKDUWZKLFKLVDOVRFDOOHGDTXDOLW\FRQWUROFKDUWUHSUHVHQWVZKHWKHUWKHSURFHVVLVLQDVWDWH
RI FRQWURO RURXW RI RUGHU ,I WKH YDULDWLRQ RI WKH SURFHVV IDOOV RXWVLGH WKH XSSHU RU ORZHU OLPLW WKH
SURFHVVLVQDPHGDVDQµRXWRIFRQWUROSURFHVVHV$FRQWUROFKDUWFRQVLVWVRIWKHXSSHUFRQWUROOLPLW
ORZHUFRQWUROOLPLWVDQGWKHDYHUDJHOLQHWKDWGLVWLQJXLVKHVWKHFRPPRQEHKDYLRXURISURFHVVHVIURP
XQIDPLOLDUFDXVHVRIYDULDWLRQ
$FRQILGHQFHLQWHUYDOSURYLGHVDQDSSUR[LPDWHUDQJHRIYDOXHVZKLFKLQFOXGHDQXQNQRZQSRSXODWLRQ
SDUDPHWHU (DVWRQ HW DO  7KH ZLGWK EHWZHHQ WKH ORZHU OLPLW DQG WKH XSSHU OLPLW RI WKH
FRQILGHQFH LQWHUYDO VKRZV KRZ WKH SURFHVV IOXFWXDWLRQV DUH XQFHUWDLQ &RQILGHQFH LQWHUYDOV DUH
JHQHUDOO\ FDOFXODWHG WR GHWHFW WKH ZLGWK RI FRQILGHQFH OLPLWV DFFRUGLQJ WR WKHVH SHUFHQWDJHV 
DQG)RUWKHIROORZLQJVWXGLHVDFRQILGHQFHLQWHUYDOLVXVHG7KH)LJXUHEHORZ
LOOXVWUDWHVDFRQILGHQFHLQWHUYDORQDQRUPDOGLVWULEXWLRQFXUYH


)LJXUHFRQILGHQFHLQWHUYDORQDVWDQGDUGQRUPDOFXUYH
,Q WKHIROORZLQJ)LJXUH WKHVKDSHRI WKHIOH[LELOLW\FRUULGRUVDUHPHUJHGZLWK WKHVKDSHRIWKH
FRQILGHQFHLQWHUYDOLQRUGHUWRSURYLGHDEHWWHUXQGHUVWDQGLQJRIWKHSURSRVHGPHWKRG







)LJXUH&RPELQDWLRQRIWKHIOH[LELOLW\FRUULGRUVDQGWKHFRQILGHQFHLQWHUYDO
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
,QDQDWWHPSWWRFDOFXODWHORZHUDQGXSSHUOLPLWVLQRWKHUZRUGVIOH[LELOLW\FRUULGRUVLQWKHFDVHRIWKH
FXUUHQW VWXG\ WKH FRQILGHQFH LQWHUYDO HTXDWLRQ VKRXOG EH SXW LQWR SUDFWLVH7KH FRQILGHQFH LQWHUYDO
IRUPXODDQGQRWDWLRQVDUHJLYHQEHORZ

തܺ േ ܼఈȀଶ  ఙξ௡          
:KHUH
ഥǣ 7KHDYHUDJH
 ĮȀଶǣ 7KH=YDOXHIRUWKHUHTXLUHGFRQILGHQFHOHYHOĮ
ıǣ 7KHVWDQGDUGGHYLDWLRQ
ǣ 6DPSOHVL]H
7KH ĮȀଶYDOXHLVREWDLQHGIURPWKH=WDEOHZKLFKLVDFDOFXODWLRQRIDUHDXQGHUQRUPDOFXUYH:LWKLQ
WKHFRQWH[WRIWKHFXUUHQWVWXG\WKH=YDOXHLVIRUı ൌ ͲǤͳYDOXH7KHRWKHUYDOXHVIRUWKHDERYH
HTXDWLRQV DUH DV IROORZV 7KH DYHUDJH YDOXH    WKH VWDQGDUG GHYLDWLRQ   DQG IRU WKH 
FRQILGHQFHLQWHUYDOı ൌ ͲǤͲͷǤ
$FFRUGLQJ WR WKHDERYHJLYHQ LQSXWYDULDEOHV WKHHVWLPDWHG ORZHU OLPLW DQG WKHXSSHU OLPLW 
ZKLFKLVVKRZQLQWKHIROORZLQJJUDSK
9HKLFOHXWLOL]DWLRQLVJLYHQDVDQH[DPSOHLQ)LJXUH/DERXUXWLOL]DWLRQPDFKLQHXWLOL]DWLRQRUGHU
FRPSOHWLRQSHUIRUPDQFHGXHGDWHSHUIRUPDQFH OHDG WLPHSHUIRUPDQFHDQGRYHUDOO FDSDFLW\JUDSKV
DUHEHLQJPRQLWRUHGZLWKLQWKHIOH[LELOLW\FRUULGRUVZKLFKDUHFDOFXODWHGXVLQJWKH6&&PHWKRG

)LJXUH)OH[LELOLW\&RUULGRUVIRU9HKLFOHXWLOL]DWLRQ
5.2.2 Experimental Research Methodology 
.H\GHILQHV([SHULPHQWDO5HVHDUFK0HWKRGRORJ\(50DVDQDWWHPSWE\WKHUHVHDUFKHUWRPDLQWDLQ
FRQWUROIDFWRUVRYHUDOOIDFWRUVWKDWPD\DIIHFWWKHUHVXOWRIDQH[SHULPHQW%HVLGHVWKHUHVHDUFKHUPD\
WU\WRGHWHUPLQHRUSUHGLFWZKDWPD\RFFXUGXULQJWKHH[SHULPHQW.H\$VFDQEHXQGHUVWRRG
IURPWKHDERYHGHILQLWLRQWZRJURXSVDUHDYDLODEOHLQWKHH[SHULPHQWDOPHWKRGVZKLFKDUHWKHFRQWURO
JURXSDQGWKHH[SHULPHQWDOJURXS7KHUHVHDUFKHUVPRGLI\RQHRUPRUHSDUDPHWHUVLQWKHH[SHULPHQWDO
JURXSDQGPRQLWRUDQGPHDVXUHDQ\FKDQJHLQRWKHUSDUDPHWHUV,QWKLVVWXG\WKHYDOXHRIRQHRUPRUH
WKDQRQHSDUDPHWHULVYDULHGLQRUGHUWRGHWHUPLQHWKHPLQLPXPDQGPD[LPXPYDOXHRIH[SHULPHQWDO
JURXSV
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
7KH QXPEHU RI VKXWWOH OHDG WLPH DQG LQLWLDO LQYHQWRU\ LV LQFOXGHG LQ WKH FRQWURO JURXSV 7KH
WKURXJKSXWUDWHF\FOHWLPHDQGFXVWRPHUZDLWLQJWLPHDUHFRQWDLQHGZLWKLQH[SHULPHQWDOJURXSV7R
FDOFXODWH WKHERXQGDULHVRI WKHH[SHULPHQWDOJURXSDQG WKHFRQWUROJURXSV WKHDPRXQWRI VKXWWOH LV
IL[HG LQ WKUHH YDOXHV      WKH OHDG WLPH   KRXUV WKH PD[LPXP VWRFN OHYHO  
,QFLGHQWDOO\ RQ WLPH GHOLYHU\ SHUIRUPDQFH VKRXOG EH JUHDWHU WKDQ  DQG WKH ODWH GHOLYHU\
SHUIRUPDQFH DOVR ORZHU WKDQ   %\ ORRNLQJ DW WLPH DQG ODWH GHOLYHU\ SHUIRUPDQFH WKH
H[SHULPHQWDOJURXSV¶PD[LPXPDQGPLQLPXPYDOXHVPLJKWEHGHWHFWHGIURPWKHIROORZLQJ7DEOH
ZKLFK 7DEOH  LV REWDLQHG IURP &76 VLPXODWLRQ %HVLGHV WKDW WKH IROORZLQJ )LJXUH  VKRZV
EUHDNLQJSRLQWVRISHUIRUPDQFHYDULDEOHVZKLFKDUHWKURXJKSXWUDWHF\FOHWLPHDQGFXVWRPHUZDLWLQJ
ZKHQWKHFXVWRPHURUGHUVDUHLQFUHDVHGJUDGXDOO\

7DEOH7KHFRQWUROOLPLWVIRUSHUIRUPDQFHYDULDEOHV
6KXWWOH
$PRXQW &KDQJHV
7RWDO
2UGHU
7KURXJKSXW
5DWH
&\FOH
7LPH
&XVWRPHU
:DLWLQJ
2Q7LPH
'HOLYHU\
/DWH
'HOLYHU\
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
 ,QFUHDVH      
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F
)LJXUHD7KHF\FOHWLPHE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
$VDUHVXOWRIH[SHULPHQWDOUHVHDUFKPHWKRGRORJ\WKHPLQLPXPERXQGDU\RIWKURXJKSXWUDWH DQG
WKHPD[LPXPERXQGDU\RI WKURXJKSXW UDWH ZKLFK DUHGHWHUPLQHGDFFRUGLQJ WR7DEOH7KH
ORZHUDQGXSSHUOLPLWRIIOH[LELOLW\FRUULGRUVIRUF\FOHWLPHDQGFXVWRPHUZDLWLQJWLPHDUHREVHUYHGLQ
DVLPLODUZD\DQGDUHUHSUHVHQWHGLQWKHIROORZLQJ)LJXUHIOH[LELOLW\FRUULGRUV

D

E

F
)LJXUH)OH[LELOLW\FRUULGRUVRIDWKURXJKSXWUDWHEF\FOHWLPHFFXVWRPHUZDLWLQJWLPH
 $VVHVVPHQW0RGHOXVLQJ&RVW$QDO\VLV
7KURXJKRXWWKHSUHVHQWVWXG\WKHFRVWDQDO\VLVLVLQVHUWHGLQWR&76VLPXODWLRQEHFDXVHRIWKHGHVLUHWR
UHIOHFWPRUHUHDOLW\LQWRWKHVLPXODWLRQ7KHUHIRUHLWLVPXFKHDVLHUWRPDNHGHFLVLRQVE\ORRNLQJDW
FRVWSDUDPHWHUVEHVLGHVWKURXJKSXWUDWHRUF\FOHWLPHSDUDPHWHUV,QRUGHUWRSHUIRUPFRQVWUXFWLRQFRVW
DQDO\VLV WZR ZHOONQRZQ FRVWLQJ DSSURDFKHV DUH HPEHGGHG LQWR &76 VLPXODWLRQ 7KHVH DUH
7UDGLWLRQDO&RVWLQJ$QDO\VLVDQG$FWLYLW\%DVHG&RVWLQJ$QDO\VLVZKLFKDUHH[SODLQHGLQWKLVSDUWLQ
GHWDLO
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5.3.1 The Traditional Costing Approach 
7KH7UDGLWLRQDO&RVWLQJ$SSURDFK7&LVDZHOONQRZQPHWKRGLQZKLFKDQRYHUKHDGFRVWLVDVVLJQHG
WR SURGXFWV LQ WHUPV RI GLUHFW FRVWV VXFK DV GLUHFW ODERXU KRXUV WKH XVH RI PDFKLQHV HWF 7KH
WUDGLWLRQDOFRVWLQJPHWKRGRORJ\DFFHSWVWKDWHDFKSURGXFWKDVUHVXOWHGLQDFRVW7KHFRVWGULYHUVIRU
WKH WUDGLWLRQDOFRVWLQJPHWKRGDVZHOODV WKHLUH[SODQDWLRQVDUH OLVWHGEHORZ7KH WUDGLWLRQDOFRVW LV
GHWHFWHGE\DFFXPXODWLQJWKHIROORZLQJH[SHQGLWXUHV
6SDFH&RVWLVFDOFXODWHGE\PXOWLSO\LQJWKHWRWDODUHDRIWKHZKROHZDUHKRXVHV\VWHPZLWKVSDFHFRVW
7KHSULFHSHUVTXDUHLVDVVXPHGIRUWKH&76VLPXODWLRQDVEHLQJDERXWSHU\HDUDQGWKLVYDOXHLV
WDNHQLQWRDFFRXQWDVZHOODVDVSDFHFRVW
/DERXU&RVWUHIHUVWRWKHIL[HGFRVWRIHDFKZRUNHUVXFKDVVDODU\LQVXUDQFHHWF7KHZRUNHUFRVWLV
GHWHUPLQHGDVEHLQJEHWZHHQSHUKRXU:LWKLQWKHFRQFHSWRI&76VLPXODWLRQWKUHHZRUNHUV
LQDUHSOHQLVKPHQWDUHDDQGILYHZRUNHUVLQDZRUNVWDWLRQDUHDDUHDOORFDWHG$OVRRQHRSHUDWRUVKRXOG
EHUHVSRQVLEOHIRURQHIRUNOLIW
(TXLSPHQW&RVWLVDVVRFLDWHGZLWKPDFKLQHVIRULQVWDQFHPDLQWHQDQFHRIPDFKLQHVRUIXHOV)LUVWO\
WKH HTXLSPHQW FRVW IRU HDFKPDFKLQH LV GHWHUPLQHGKRXUO\ DQG WKHPXOWLSOLFDWLRQRI WKHQXPEHURI
PDFKLQHVDQGWKHLUVSHFLILFPDFKLQHFRVWVKDYHEHHQLQVHUWHGLQWKHWRWDOHTXLSPHQWFRVW
7UDQVSRUWDWLRQ&RVW FRQWDLQV WZR NLQGV RI WUDYHOOLQJ FRVW IRUNOLIW WUDYHO FRVWV DQG VKXWWOH WUDYHO
FRVWV ,Q RUGHU WR FDOFXODWH WUDQVSRUWDWLRQ FRVWV WKH WRWDO WUDYHOOLQJ GLVWDQFH LQ WHUPV RI PHWHUV LV
ZRUNHGRXWIRUERWKWKHIRUNOLIWDQGVKXWWOHGXULQJVLPXODWLRQ7KHQWKHVHYDOXHVDUHPXOWLSOLHGE\WKH
WUDYHOOLQJFRVWSDUDPHWHU,QRUGHUWRLQVHUWWKHPHUFKDQGLVHFRVWRIWKHPDFKLQHLQWRWKHFRVWDQDO\VLV
IRUNOLIWVDQGVKXWWOHDPRXQWVDUHPXOWLSOLHGE\WKHDYHUDJHXQLWFRVWRIHDFKYHKLFOH
6WRUDJH&RVW LVUHODWHGWRWKHKROGLQJFRVWRIDVLQJOHELQRUSDOOHW LQWKHVWRUDJHDUHDSHUKRXU ,Q
IDFWWKHKROGLQJFRVWRIELQVGLIIHUVIURPWKHKROGLQJFRVWRISDOOHWVZKLFKDUHUHVSHFWLYHO\DQG
SHUPRQWK
,QGLUHFW &RVW FRXOG EH LQYHVWLJDWHG XQGHU WZR KHDGLQJV  WKH RUGHU PDQDJHPHQW FRVW ZKLFK
LQFOXGHV VRPH H[SHQVHV LQFXUUHG GXULQJ WKH JHQHUDWLRQ RI D SXUFKDVH RUGHU VXFK DV ID[ SRVW RU
ZRUNIRUFHFRVWVWRSUHSDUHDQRUGHUOLVWDQGRSHUDWLRQDOFRVWVZKLFKDUHDVVRFLDWHGZLWKFRPSDQ\
LQVXUDQFHWD[HVDQGRWKHUH[SHQVHVWKDWDUHVXSSRVHGDWEHLQJEHWZHHQSHUVTXDUHDQQXDOO\
$EDUFKDUWRIWKHWUDGLWLRQDOFRVWLQJDSSURDFKDQGWKHIOXFWXDWLRQVRIFRVWGULYHUVREWDLQHGIURPWKH
&76VLPXODWLRQDUHGHPRQVWUDWHGLQ)LJXUH 
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)LJXUHD%DUFKDUWRIWUDGLWLRQDOFRVWLQJDSSURDFKHVE7KHIOXFWXDWLRQVRIFRVWGULYHUV
5.3.2 Activity-Based Costing Approach 
,QWKH$FWLYLW\%DVHG&RVWLQJDSSURDFK$%6VSHFLILFDFWLYLWLHVDUHGHWHUPLQHGDVDQHVVHQWLDOFRVW
GULYHU7KH UHDVRQEHKLQGFRVWFXWWLQJ LQWRDFWLYLWLHV LV WKDW ORJLFDVVXPHV WKDWDFWLYLWLHVFDXVHFRVWV
LQVWHDG RI SURGXFWV 7KDW LV ZK\ JHQHUDO H[SHQVHV DUH VHSDUDWHG LQWR DFWLYLWLHV $OWKRXJK 5RQDOG
FODLPVWKDWWKHWUDGLWLRQDOFRVWDFFRXQWLQJV\VWHPKDVEHFRPHOHVVUHOLDEOHERWKWUDGLWLRQDOFRVW
DQG DFWLYLW\EDVHG FRVW DSSURDFKHV DUH LQWHJUDWHG LQWR&76 VLPXODWLRQ WR WUDFH WKH FRVW IOXFWXDWLRQV
DFFXUDWHO\ $FWLYLW\EDVHG FRVW LV FDOFXODWHG E\ WDNLQJ VXPPDWLRQ RI YDULRXV NLQGV RI FKDUJHV
H[SODLQHGFRPSUHKHQVLYHO\EHORZ
$Q2UGHU0DQDJHPHQW&RVW LV RFFXUUHG HDFK WLPH D SXUFKDVH RUGHU LV JHQHUDWHG DQG D FXVWRPHU
RUGHULVUHFHLYHG,QDGGLWLRQDIL[HGFRVWLVDGGHGIRUHDFKODWHGHOLYHU\RUGHUDVDSHQDOW\FRVW
$Q8QORDGLQJ DQG /RDGLQJ &RVW LV DQ DFFXPXODWLRQ RI DOO H[SHQGLWXUHV WKDW DUH LQFXUUHG LQ WKH
XQORDGLQJRUORDGLQJDUHD7KHVHDUHVWRUDJHFRVWVEHFDXVHRISDOOHWEXONVWRUDJHDQGVSDFHFRVWV
$&KDUJLQJ&RVWLVDFRVWLQZKLFKFKDUJLQJPDFKLQHFRVWDQGVSDFHFRVWDUHLQFOXGHG
6WRUDJH&RVWLVDOVRFDOOHGDKROGLQJFRVWDQGLVUHODWHGZLWKSRVVHVVLQJLQYHQWRU\RQKDQG7KHVSDFH
FRVWRIWKHVWRUDJHDUHDLVLQVHUWHGLQWRWKHRYHUDOOFRVWDVZHOO
3LFNLQJ&RVWVDULVHGXULQJSHUIRUPDQFHRIWKHRUGHUSLFNLQJRSHUDWLRQLQZKLFKWKHZRUNIRUFHFRVW
IRU SLFNHU HTXLSPHQW FRVW IRU RUGHU SLFNLQJPDFKLQHV DQG VSDFH FRVWV IRU WKHZRUNVWDWLRQ DUHD DUH
HQFRPSDVVHG
7KH3DFNLQJ&RVWUHIHUVWRDFRVWZKLFKLVLQFXUUHGGXULQJWKHSDOOHWL]LQJSURFHVV,WLVHYDOXDWHGE\
PXOWLSO\LQJWKHQXPEHURISDOOHWVSUHSDUHGIRUVKLSPHQWE\DVSHFLILFSDFNLQJFKDUJH
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
7KH5HSOHQLVKPHQW&RVWLVFRPSXWHGLQDVLPLODUZD\WRWKHSLFNLQJFRVW7KHUHSOHQLVKPHQWFRVWLV
DVXPPDWLRQRIODERXUFRVWPDFKLQHFRVWDQGVSDFHFRVW
7KH7UDYHO&RVWUHVXOWVIURPWKHWRWDOWUDYHOOLQJFRVWRIWKHVKXWWOHDQGIRUNOLIWVDQGWKHVSDFHFRVWRI
WKHWUDQVSRUWDWLRQDUHD
%DUFKDUWVRIDFWLYLW\EDVHGFRVWLQJDSSURDFKHVDQGWKHIOXFWXDWLRQVRIFRVWGULYHUVREWDLQHGIURPWKH
&76VLPXODWLRQDUHGHPRQVWUDWHGLQ)LJXUH

D

E
)LJXUHD%DUFKDUWRIDFWLYLW\EDVHGFRVWLQJDSSURDFKHVEWKHIOXFWXDWLRQVRIFRVWGULYHUV
 $VVHVVPHQW0HWKRGXVLQJ3HUIRUPDQFH$YDLODELOLW\
7KUHH DVVHVVPHQWPRGHOV WR FDOFXODWHSHUIRUPDQFH DYDLODELOLW\ DUH H[SODLQHG LQ&KDSWHUZKLOH LQ
WKLV FKDSWHU UHVXOWV WDEOHV DUH SURYLGHG WR FRPSDUH ZKHWKHU WKH\ DUH DEOH WR VKRZ WKH HQWLUH &76
VLPXODWLRQHIILFLHQF\RUQRW7KHUHVXOWRIZDLWLQJWLPHVDQGZHLJKWHGDYHUDJHPHWKRGDVVHVVPHQWVDUH
REWDLQHGIURP&76VLPXODWLRQ+RZHYHUWKHFDOFXODWLRQRIWKHIX]]\ORJLFPHWKRGLVUHDOLVHGE\XVLQJ
DQH[FHOVSUHDGVKHHW
5.4.1 According to Waiting Time 
$VH[SODLQHGLQ&KDSWHURQHRIWKHVLPSOHVWPHWKRGVRIFRPSXWLQJSHUIRUPDQFHDYDLODELOLW\LVWKH
SURSRUWLRQRIWRWDOZDLWLQJWLPHVRIVRPHVSHFLILFUHVRXUFHVWRWKHWRWDOVLPXODWLRQWLPH+RZHYHULQ
WKHSUHVHQWFDVHVWXG\WKHSHUIRUPDQFHDYDLODELOLW\RIWKHZKROH&76LVUHTXLUHG7RDFFRPSOLVKWKLV
UHTXLUHPHQW WKH PHDQ RI DOO WKH VKXWWOHV SHUIRUPDQFH DYDLODELOLW\ LV WDNHQ DV WKH SHUIRUPDQFH
DYDLODELOLW\RIWKHHQWLUHV\VWHP7KLV LVEHFDXVHVKXWWOHVSOD\DUROHDVDERWWOHQHFN LQVLGH WKH&76
DQGLWPHDQVWKDWVKXWWOHVDUHZRUNLQJDWWKHLUIXOOFDSDFLW\DQGFDQQRWFDUU\RXWDQ\IXUWKHUWDVNV,Q
WKH IROORZLQJ )LJXUH  JDLQHG IURP &76 VLPXODWLRQ WKH ILUVW ILJXUH GHSLFWV WKH DYHUDJH
SHUIRUPDQFHDYDLODELOLW\RIVKXWWOHVZKLOHWKHRWKHUVKRZVZKHQWKHV\VWHPZDLWVDQGZRUNVLQGHWDLO
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
)LJXUH$YHUDJHSHUIRUPDQFHDYDLODELOLW\RIVKXWWOHVFDOFXODWHGEDVHGRQZDLWLQJWLPH
5.4.2 According to the Weighted Average Method  
)RU WKH ZHLJKWHG DYHUDJH PHWKRG WKUHH SDUDPHWHUV DUH FKRVHQ WR GHWHUPLQH WKH SHUIRUPDQFH
DYDLODELOLW\RIWKHHQWLUHV\VWHP7KHVHDUHWKURXJKSXWUDWHRQWLPHGHOLYHU\DQGFRVWSDUDPHWHUV7KH
LPSRUWDQFH RI WKHVH FRQWURO SDUDPHWHUV DQG UHODWLRQV FDQ GLIIHU IURP RQH FRPSDQ\ WR DQRWKHU RQH
7KXV WKH ZHLJKWLQJ FRHIILFLHQW RI HDFK SDUDPHWHU DQG WKH UHODWLRQVKLS EHWZHHQ SDUDPHWHUV DUH
GHWHUPLQHG LQ WKH &76 VLPXODWLRQ RQ WKH EDVLV RI LQGLYLGXDO SUHIHUHQFH 7KH UHVXOW JUDSK RI WKH
ZHLJKWHGDYHUDJHPHWKRGFDQEHVHHQLQ)LJXUH

)LJXUH3HUIRUPDQFHDYDLODELOLW\FDOFXODWHGEDVHGRQWKHZHLJKWHGDYHUDJHPHWKRG
,WVHHPVFOHDUWKDWSHUIRUPDQFHDYDLODELOLW\WHQGVWRLQFUHDVHOLNHRWKHUUHVXOWVJDLQHGIURPWKHZDLWLQJ
WLPHPRGHO$OWKRXJKWKHSHUIRUPDQFHDYDLODELOLW\ LV LQFUHDVLQJDOO\HDUURXQGLWFRXOGEHDFFHSWHG
WKDWWKLVJUDSKDFTXLUHGIURPWKHZHLJKWHGDYHUDJHPHWKRGGHPRQVWUDWHVWKHVDPHEHKDYLRXU
5.4.3 According to the Fuzzy Logic Method  
$PDMRU FRQFHUQ LV REWDLQLQJ WKHSHUIRUPDQFH DYDLODELOLW\RI HQWLUH LQWUDORJLVWLFV V\VWHPVE\ WDNLQJ
LQWRDFFRXQWRQO\VRPHSDUDPHWHUVGXHWRWKHIDFWWKDWSHUIRUPDQFHDYDLODELOLW\FDQQRWEHHYDOXDWHG
HDVLO\ZLWKWKHKHOSRIDGHWHUPLQLVWLFIXQFWLRQRIFRVWWKURXJKSXWUDWHDQGGHOLYHU\WLPH,QSUHYLRXV
VWXGLHVVXFKDV)ROOHUWHWDO0DLHU0DLHUVRPHPDWKHPDWLFDOH[SUHVVLRQV
DUHRIIHUHGWRGHWHFWSHUIRUPDQFHDYDLODELOLW\LQWHUPVRIZDLWLQJWLPHRUORDGLQJDPRXQWV+RZHYHU
WKH DFFXUDWH SHUIRUPDQFH DYDLODELOLW\ YDOXHV RI ZKROH V\VWHPV FDQQRW EH DVVXUHG XVLQJ VLPSOH
HTXDWLRQV%HVLGHVWKDWWKHFRUUHODWLRQEHWZHHQFRQWUROSDUDPHWHUVDQGSHUIRUPDQFHDYDLODELOLW\LVWRR
FKDOOHQJLQJ WR H[SUHVVZLWK DPDWKHPDWLFDO IXQFWLRQ%HFDXVH RI WKLV IRUPXODWLQJ WKH SHUIRUPDQFH
DYDLODELOLW\PDQQHUFDQEHDFKLHYHGE\XVLQJWKHIX]]\ORJLFUXOH0DKPRXGLDHWDO
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
,Q WKLV IX]]\ V\VWHP DV SDUW RI WKH SUHVHQW VWXG\ WKHUH DUH WKUHH LQSXWV ZKLFK DUH FRVW GXH GDWH
SHUIRUPDQFHDQGWKURXJKSXWUDWHDQGWKHRXWSXWSDUDPHWHULVSHUIRUPDQFHDYDLODELOLW\,QWKLVVWXG\
WKHOLQJXLVWLFYDULDEOHVZKLFKDUHYHU\ORZ9/ORZ/PHGLXP0KLJK+DQGYHU\KLJK9+
DUHXVHGDQGDFFRUGLQJ WR %HFKHU WKHFRPELQDWLRQRIORZPHGLXPDQGKLJK LV UHSUHVHQWHG
ZLWKWULDQJXODUIX]]\QXPEHUVZKHUHDVWKHWUDSH]RLGDOIX]]\QXPEHUVVKRXOGEHXWLOL]HGLQWKHFDVHRI
DGGLQJYHU\ORZDQGYHU\KLJKYDULDEOHV

 D     E
)LJXUHD7UDSH]RLGDOE7ULDQJXODU)X]]\1XPEHUVEDVHGRQ0DKPRXGLDHWDO
7KH LQSXW DQG RXWSXW YDULDEOHV ZLWK WKHLU YDOXHV DUH JLYHQ DV IROORZV LQ )LJXUH  $V  FDQ EH
UHDOL]HGIURPWKHEHORZVKDSHV ILYHOLQJXLVWLFYDULDEOHVQDPHO\YHU\ ORZ ORZPHGLXPKLJKDQG
YHU\ KLJK DUH JHQHUDWHG IRU FRVW SDUDPHWHUV ,Q D VLPLODU ZD\ ILYH RI WKH OLQJXLVWLFV YDULDEOHV DUH
FUHDWHG IRU GXH GDWH SHUIRUPDQFH +RZHYHU WKH WKURXJKSXW UDWH SDUDPHWHU LQFOXGHV RQO\ WKUHH
OLQJXLVWLFYDULDEOHVZKLFKDUHORZPHGLXPDQGKLJK

 D     E

 F     G
)LJXUH7KHSURSRVHGH[DPSOHIRUWKHIX]]\VHWRIRXWSXWDQGLQSXWYDULDEOHV
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
7KH )X]]\ /RJLF 0HWKRG )/0 LV FRPSRVHG RI µLIWKHQ¶ UXOHV WKDW DUH FRQVWUXFWHG RI OLQJXLVWLF
YDULDEOHV )LUVWO\ WKH OLQJXLVWLF YDULDEOHV DUH REWDLQHG IURP WKH XVHU DQG WKHQ LIWKHQ UXOHV DUH
VWUXFWXUHGEDVHGRQWKHOLQJXLVWLFYDULDEOHVE\JHWWLQJWKHRSLQLRQRIH[SHUWV,QWKLVVWXG\WKHSDSHURI
0DKPRXGLDHWDOSOD\VWKHUROHRIH[SHUWVDQGFUHDWHVLIWKHQUXOHVDQGODVWO\WKH\DUHHQWHUHG
LQWRIX]]\ORJLF)RUWKLVUHVHDUFKVHYHQW\ILYHUXOHVZKLFKLVDPXOWLSOLFDWLRQRIILYHOLQJXLVWLFWHUPV
RIFRVWDQGGXHGDWHDQGWKUHHOLQJXLVWLFVWHUPVRIWKURXJKSXWUDWHDUHFUHDWHGIRUWKLVVWXG\$OOIX]]\
UXOHVDUHJLYHQLQ7DEOHLQWKH$SSHQGL[2QHH[DPSOHRIWKHVHUXOHVFRXOGEHJLYHQDVIROORZV
,)  &RVW 9HU\/RZDQG
  'XH'DWH3HUIRUPDQFH 9HU\/RZDQG
  7KURXJKSXW5DWH 0HGLXP
7+(1 3HUIRUPDQFH$YDLODELOLW\ 0HGLXP

,QFRQWUDVWWRWKHHYDOXDWLRQRIZHLJKWHGDYHUDJHPRGHODQGWKHZDLWLQJPRGHOWRREWDLQSHUIRUPDQFH
DYDLODELOLW\IX]]\ORJLFHYDOXDWLRQLVPDGHE\XVLQJ9LVXDO%DVLFSURJUDPPLQJODQJXDJHHPEHGGHGLQ
H[FHOPDFUR,QWRWDOGLIIHUHQWFRVWVGXHGDWHSHUIRUPDQFHDQGWKURXJKSXWUDWHFRPELQDWLRQVDUH
HQWHUHG LQWR WKH H[FHO FDOFXODWLRQ V\VWHP DV D GDWDVHW WR ILQG WKH HQWLUH V\VWHP SHUIRUPDQFH 7KH
GDWDVHWLVREWDLQHGIURP&76VLPXODWLRQDQGWKHVDPHGDWDVHWLVXVHGIRUDOOSHUIRUPDQFHDYDLODELOLW\
UHVXOWVKDQGOHGIURPGLIIHUHQWWKUHHPHWKRGV7KHUHVXOWRISHUIRUPDQFHDYDLODELOLW\FDOFXODWHGWKURXJK
WKHIX]]\ORJLFDOJRULWKPLVSURYLGHGLQ)LJXUH



)LJXUH3HUIRUPDQFHDYDLODELOLW\FDOFXODWHGEDVHGRQWKH)X]]\/RJLF0HWKRG

,W FDQEHHDVLO\ UHDOL]HG IURP WKUHH UHVXOWVEHORQJLQJ WRHDFKSHUIRUPDQFHDYDLODELOLW\PHWKRG WKDW
ERWKGLIIHUHQFHVDQGSDUDOOHOVEHWZHHQWKHPH[LVW+RZHYHURQHRIWKHPRVWREYLRXVFRQVHTXHQFHVRI
WKUHHSHUIRUPDQFH DYDLODELOLW\ ILJXUHV LV WKDW WKHEHKDYLRXURI IOXFWXDWLRQV LV VLPLODU  ,Q WKH DERYH
VKDSH SHUIRUPDQFH DYDLODELOLW\ LQFUHDVHV VKDUSO\ IRU WKH ILUVW SDUW RI WKH GDWDVHW OLNH WKH RWKHU
RXWFRPHVRIRWKHUPHWKRGV WKHQ LW VKRZVVLPLODUZDYLQJ IRU WKH UHPDLQLQJSDUWRI WKH\HDU ,Q WKH
ILUVWWZRPHWKRGVWKHSHUIRUPDQFHDYDLODELOLW\OLQHLVLQFUHDVLQJVWHDGLO\DQGZLWKRXWDQ\VKDUSULVHRU
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
IDOO 7KH UHDVRQ EHKLQG WKLV UHVXOW LV WR WDNH DQ DYHUDJH RI DOO YDOXHV 2Q WKH RWKHU KDQG DOO
FRPELQDWLRQRIFRVWVWKURXJKSXWUDWHVDQGGXHGDWHYDOXHVLVXVHGLQGHSHQGHQWO\ZKLOHWKHFDOFXODWLRQ
RISHUIRUPDQFHDYDLODELOLW\XVHVIX]]\ORJLF7KXVWKHDSSDUHQWVWHHSRVFLOODWLRQVFRXOGEHQRWLFHGLQ
WKHUHVXOWJUDSKRIWKHIX]]\ORJLFPHWKRG
 ,PSOHPHQWDWLRQRI0HDVXUHVXVLQJ6L[6WHSV3ODQQLQJ
$VKDVEHHQSRLQWHGRXWLQ&KDSWHUWKHWHUPµPHDVXUH¶LVFRPSRVHGRIQRWRQO\GHDOLQJZLWKKRZWR
UHGXFH WKH XQZDQWHG LPSDFW RI ULVN RU XQFHUWDLQWLHV OLNH WKH PLWLJDWLRQ VWUDWHJ\ VWHS LQ ULVN
PDQDJHPHQW EXW DOVR RI YDULRXV SUHFDXWLRQDU\ DSSURDFKHV LQ UHWXUQ IRU DQ\ DQWLFLSDWHG FKDQJHV LQ
LQWUDORJLVWLFV V\VWHPV 7KH XQGHU PHQWLRQHG PHDVXUHV DUH LQWHJUDWHG LQWR &76 VLPXODWLRQ WR WDNH
SUHFDXWLRQV LI WKH FRQWURO SDUDPHWHUV DUH RXWVLGH WKH IOH[LEOH FRUULGRUV DIWHU FKDQJHV DUH DSSOLHG ,W
VKRXOG DOVR EH HPSKDVL]HG WKDW WKH IROORZLQJPHDVXUHV DUH JHQHUDWHG RQ WKH EDVLV RI WKH VL[ VWHSV
SODQQLQJ VWUDWHJ\ WKDW LV VWHPV IURP SURFHVV FKDLQPHWKRGRORJ\ 7KLV LV EHFDXVH VL[ VWHS SODQQLQJ
RIIHUVDV\VWHPDWLFDSSURDFKWRHYDOXDWHDOOFRQWUROSDUDPHWHUVZKLFKKDYHDVLJQLILFDQW LQIOXHQFHRQ
ZDUHKRXVHHIILFLHQF\
5.5.1 System Load Generation 
&UHDWLQJ GLIIHUHQW FXVWRPHU RUGHUV GHSHQGV RQ WKH DPRXQW RI SURGXFWV WKH SURGXFW W\SH DQG WKH
GHOLYHU\WLPH7KLVLVWXUQPHDQVWKDWHDFKFXVWRPHURUGHUPLJKWEHFKDQJHDEOHQRWRQO\LQWHUPVRI
WKH DPRXQW EXW DOVR LQ WHUPV RI WKH SURGXFW W\SH DQG WKH YDULHG GHOLYHU\ GDWH  +HUHLQDIWHU WKH
FKDQJHVUHODWLQJWRVFDOHV\VWHPORDGDUHOLVWHG
2UGHU5DWH
7KHDUULYDO UDWHRI WKHFXVWRPHURUGHUPLJKWEHDOWHUHGE\GHWHUPLQLQJ WKHPLQLPXPDQGPD[LPXP
YDOXHRIDQLQWHUDUULYDOWLPHZKRVHGLVWULEXWLRQLVXQLIRUP
2UGHU7\SH
7RFRPSRVHYDULRXVVRUWVRIRUGHUFRPELQDWLRQVE\FKDQJLQJWKHDPRXQWRISURGXFWVZLWKLQRQHRUGHU
GHSHQGV RQ IRXU VSHFLILF RSWLRQV 7KHVH DUH  EDVHG RQ WKH )RUHFDVW RSWLRQ REWDLQHG IURP
LQIRUPDWLRQRQWKHTXDQWLW\RISURGXFWVIURPWKH&KDQJH3ODQQLQJ6LPXODWLRQEDVHGRQWKH1RUPDO
'LVWULEXWLRQRSWLRQZKLFKFUHDWHVDGLIIHUHQWSURGXFWTXDQWLW\EDVHGRQQRUPDOGLVWULEXWLRQZLWKPHDQ
DQGVWDQGDUGGHYLDWLRQı EDVHGRQWKH8QLIRUP'LVWULEXWLRQRSWLRQZKLFKJHQHUDWHVGDWHVWKDW
VXLWXQLIRUPGLVWULEXWLRQZLWKPLQLPXPDQGPD[LPXPYDOXHDQGEDVHGRQ WKH)L[9DOXHRSWLRQ
ZKLFKLVLQVHUWHGLQWRWKHVLPXODWLRQWRJLYHDFKDQJHWRXVHUVDOORZLQJWKHPWRFUHDWHDSURGXFWOLQH
RQWKHEDVLVRIWKHLURZQGHVLUHV
'XH'DWH
'HOLYHU\ GDWHV IRU HDFK FXVWRPHU RUGHU FDQ EH JHQHUDWHG LQ YDULRXVZD\V 7R SURYLGH IUHHGRP IRU
XVHUV WRDUUDQJH WKHGXHGDWHSHULRG WZRHGLWER[HVDUHFUHDWHGIRUPRGLI\LQJ WKHGXHGDWHYDULDEOH
WKDWKDYHIL[HGXQLIRUPGLVWULEXWLRQZLWKPLQLPXPDQGPD[LPXPYDOXHV
7KHPHDVXUHVUHODWHGWRUHJXODWHWKHV\VWHPORDGDUHSUHVHQWHGEHORZLQ)LJXUH
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
)LJXUH0HDVXUHVDUHFRQFHUQHGZLWKRIWKHV\VWHPORDGGHWHUPLQDWLRQ
5.5.2 Organizational Structure Planning 
7KLVVWHSDOORZVWKHXVHUWRVHWXSDQRUJDQL]DWLRQDODUUDQJHPHQW7KHPRVWLPSRUWDQWUHVRXUFHZLWKLQ
WKH VFRSHRI&76 ORJLF LV WKH VKXWWOH FRQVHTXHQWO\ DOORFDWLQJ UHVSRQVLELOLW\ IRU WKH VKXWWOH LQFOXGHV
FRQVHFXWLYHO\ DUUDQJLQJ WKH EDODQFH RI WKH HIILFLHQF\ RI WKH ZKROH ZDUHKRXVH V\VWHP  7ZRPDLQ
GXWLHV RI WKH VKXWWOH DUH WDNHQ LQWR FRQVLGHUDWLRQZKHQ SODQQLQJ VKXWWOH EHKDYLRXU2QH RI WKHP LV
SXWWLQJ VWRUDJH ELQV LQWR WKH UDFN WKH RWKHU RQH LV UHWULHYDO RI WKH ELQV IURP WKH UDFN WR FRQYH\
ZRUNVWDWLRQV7KXVWKUHHRSWLRQVDUHJHQHUDWHGWRDGMXVWSULRULWL]DWLRQRIWKHVKXWWOHZKHQWZRNLQGVRI
WDVNVQHHGWREHDFFRPSOLVKHGDWWKHVDPHWLPH6WRUDJHLV,PSRUWDQW5HWULHYDOLV,PSRUWDQWDQG
%RWKRIWKHPKDYHWKHVDPHLPSRUWDQFH
5.5.3 Resource Planning 
5HVRXUFH SODQQLQJ LQFOXGHV ILYH VXEFODVVHV ZKLFK DUH SHUVRQQHO VSDFH LQYHQWRU\ PHDQV RI
SURGXFWLRQDX[LOLDU\PHDQVRISURGXFWLRQDQGRUJDQL]DWLRQDOUHVRXUFHV
3HUVRQQHO
7RLQFUHDVHRUGHFUHDVHWKHFDSDFLW\RISHUVRQQHORUYHKLFOHVLWLVSRVVLEOHHLWKHUWRFKDQJHWKHQXPEHU
RIZRUNHUV VKXWWOHV RU IRUNOLIWV RU WRPRGLI\ WKH VSHHGRI DYDLODEOH UHVRXUFHV 7KHVHYDULDEOHV DUH
GHVLJQHGDVDPRGLILDEOHWRSURYLGHDQRSSRUWXQLW\WRFKDQJHWKHYDOXHVDWWKHPRGHOUXQWLPH
6SDFH
7RXVHWKHH[LVWLQJ OD\RXWHIILFLHQWO\ ILUVWO\HDFKZDUHKRXVHRSHUDWLRQ LV ORFDWHG LQDVSHFLILFDUHD
7KHQDSRWHQWLDOFDSDFLW\LVGHWHUPLQHGE\GLYLGLQJHDFKDUHDE\WKHDPRXQWRIVKXWWOHV7KHHVVHQWLDO
ILYH ]RQHV DUH QDPHO\ WKH WUDQVSRUWDWLRQ ]RQH WKH UHSOHQLVKPHQW ]RQH WKH ZRUNVWDWLRQ ]RQH WKH
VWRUDJH]RQHDQGWKHKRPH]RQH
,QYHQWRU\
,Q RUGHU WR DYRLG DQ RXW RI VWRFN RU VXUSOXV VWRFN VLWXDWLRQ WKH LQYHQWRU\ RSWLRQ SURYLGHV WKH
RSSRUWXQLW\WRDUUDQJHLQLWLDOVWRFNPD[LPXPVWRFNOHYHOVWKDWLVFRPSRVHGRIWKUHHGLIIHUHQWSURGXFW
W\SHV,WVKRXOGDOVREHQRWHGWKDWDUHRUGHUSRLQWFDQEHVSHFLILHGEHIRUHRUGXULQJWKHVLPXODWLRQUXQ
$OOPHDVXUHVIRUDGMXVWLQJUHVRXUFHFDSDFLW\DQGHIILFLHQF\DUHJLYHQLQWKHIROORZLQJ)LJXUH
 
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)LJXUH0HDVXUHVFRQFHUQHGZLWKUHVRXUFHSODQQLQJ
5.5.4 Layout Planning 
,QWKLVSODQQLQJOHYHOWKHXVHULVDEOHWRGHDOZLWKVHWWLQJXSWKHWRSRORJ\RIUHVRXUFHVLQDGGLWLRQWR
WKHSODQQLQJ OD\RXW7ZRDOWHUQDWLYHPHDVXUHVDUHRIIHUHGXQGHU WKH OD\RXWSODQQLQJFRQFHSW7KHVH
DUHVHWWLQJWKHURXWLQJSROLF\DQGDYRLGLQJFROOLVLRQVDVH[SODLQHGEHORZ
5RXWLQJ3ROLF\
7KH VKXWWOHV QRUPDOO\ FKRRVH WKH VKRUWHVW SDWK WR UHDFK D SUHGHWHUPLQHG GHVWLQDWLRQ SRLQW ,Q RWKHU
ZRUGV WKH GHIDXOW EHKDYLRXU RI VKXWWOHV LV WR DUULYH XVLQJ WKH VWUDLJKWHVW URXWH EHWZHHQ WZR SRLQWV
ZLWKRXW DQ\SDWK ,Q DGGLWLRQ WR WKLV DSUHVSHFLILHGZD\RSWLRQ LV LQWHJUDWHGE\GUDZLQJSDUWLFXODU
SDWKVWKDWWKHVKXWWOHVPXVWIROORZ%\PHDQVRIWKLVRSWLRQLWPLJKWEHSRVVLEOHWRSUHYHQWFROOLVLRQV
LQIURQWRIHQWHURUH[LWSRLQWV
&ROOLVLRQ$YRLGDQFH
)LUVWO\WKHFROOLVLRQDYRLGDQFHPHDVXUHLVRSWLRQDOO\LQVHUWHGLQWRWKHVLPXODWLRQ 7KHVDPHFDQEH
VDLG WKDW WKH XVHU LV DEOH WR UXQ WKH VLPXODWLRQ UHJDUGOHVV RI FROOLVLRQ E\ RPLWWLQJ WKHPDUN RQ WKH
&KHFNER[FRQWUROYDULDEOH,QWKHFDVHRISXWWLQJDFKHFNPDUNRQWKHER[LWLVDOVRSRVVLEOHWRDVVLJQ
DUDQJHDPRQJDOOWKHVKXWWOHVWRGHWHFWDQDFFLGHQW,IWZRRUPRUHWKDQWZRVKXWWOHVDUHDSSURDFKLQJ
HDFKRWKHUDQG WKH\DUH ORFDWHGZLWKLQ WKHGHWHUPLQHGFROOLVLRQ UDQJH WKHFROOLVLRQDYRLGDQFHVWDWH
FKDUWEHFRPHVDFWLYH
5.5.5 Control Rules Planning 
,QRUGHUWRSURYLGHFRQVLVWHQF\DQGDFFXUDF\EHWZHHQZDUHKRXVHSURFHVVHVWKHIROORZLQJRSHUDWLRQDO
RU WHFKQLFDO PHDVXUHV VXFK DV GXUDWLRQ RI ZRUNLQJ WKH SULQFLSOHV RI SXUFKDVLQJ DQG WKH UXOHV RI
NHHSLQJSURGXFWVLQVWRUDJHDUHJHQHUDWHG
:RUNLQJ7\SH
2QHZD\ WRFRRUGLQDWHH[LVWLQJFDSDFLW\ZLWKFXVWRPHUGHPDQG LV WRH[WHQGRUVKRUWHQ WKHZRUNLQJ
WLPH )RXU DOWHUQDWLYH ZRUNLQJ GXUDWLRQV IRU &76 VLPXODWLRQ DUH SURGXFHG ZKLFK DUH  5HJXODU
7LPHKRXUV2YHU7LPHKRXUV6KRUW7LPHKRXUVDQG1LJKW6KLIWKRXUV
6XSSO\6WUDWHJ\
7KH VWUDWHJ\ RI SXUFKDVLQJ LV GLYHUVLILHG LQ DQ DWWHPSW WR H[WHQG XVHU DELOLW\ WR DGMXVW SUHVHQW
ZDUHKRXVH FRQGLWLRQV EDVHG RQ FKDQJHV XVLQJ WKUHH VXJJHVWHG PHDVXUHV ZKLFK DUH  EDVHG RQ
)RUHFDVW FKRLFH SURYLGLQJ WKH DPRXQW RI SURGXFW WKDW VKRXOG EH VXSSOLHG RXWVLGH RI WKH &KDQJH
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
3ODQQLQJ6LPXODWLRQEDVHGRQ0D[LPXP/HYHOFKRLFHZKLFKUHIHUVWRWKHGLIIHUHQFHEHWZHHQDQ
DPRXQWRIH[LVWLQJVWRFNDQGWKHLQLWLDOVWRFNPD[LPXPVWRFNOHYHO,WDLPVWRPDNHVWRUDJHDVIXOODV
WKHILUVWVLWXDWLRQRIVLPXODWLRQEDVHGRQ)L[9DOXHFKRLFHZKLFKLVGHVLJQHGIRUUHIOHFWWKHXVHU¶V
GHFLVLRQLQGHSHQGHQWO\IURPDQ\UXOHV
&KDUJH6WUDWHJ\
7R JLYH DQ DQVZHU WR WKH TXHVWLRQ RI ZKLFK FKDUJLQJ PDFKLQH VKRXOG EH FKRVHQ WKUHH GLIIHUHQW
VWUDWHJLHV DUH GHYHORSHG 7KHVH DUH  WKH Random RSWLRQ ZKLFK VWDWHV WKDW DQ\ RI WKH FKDUJLQJ
PDFKLQHVDUHFKRVHQDUELWUDULO\WKHIn OrderRSWLRQZKLFKPHDQVWKDWDOOFKDUJLQJPDFKLQHVDUH
HQXPHUDWHGDQGXVHG LQUHJXODUO\DQG  WKHEmpty One RSWLRQZKLFK PHDQV WKDWWKHVKXWWOHFDQ
GHFLGHRQWKHPDFKLQHRQO\E\FRQVLGHULQJZKHWKHULWLVLGOHRUQRW$QRWKHUSRVVLEOHPHDVXUHUHODWHG
WRFKDUJHVWUDWHJ\LVVHWWLQJWKHGXUDWLRQRIWKHVKXWWOHEDWWHU\LQWHUPVRIPLQXWHV)RUWKHSUHVHQW&76
VLPXODWLRQWKHVKXWWOHVVKRXOGJRWRWKHFKDUJLQJ]RQHWRORDGWKHLUEDWWHU\HYHU\PLQXWHV
6DIH6WRFN3ROLF\
,Q WKH FDVH RI IDFLQJ DQ XQH[SHFWHG LQFUHDVH LQ FXVWRPHU GHPDQG WKH XVHU FKRRVHV D VDIHW\ VWRFN
SROLF\WRXVHDSUHYLRXVO\KHGJHGDPRXQWRILQYHQWRU\,IWKHUDGLREXWWRQLVFKHFNHGWKHVDIHW\VWRFN
LVDGGHGRQWRDUHRUGHUSRLQW
,QYHQWRU\3ROLF\
:LWK WKH RIIHUHG &76 VLPXODWLRQ WKH XVHU ZRXOG EH DEOH WR GHFLGH RQ ZKLFK GHVLJQ RI SODFLQJ
SURGXFWV LQWRDVWRUDJHUDFNVKRXOGEHDSSOLHG7ZRRSWLRQVDUHVXJJHVWHGZLWKLQ WKHFRQWH[WRI WKH
&76 VLPXODWLRQ  WKH $%& VWUDWHJ\ UHIHUV WR LQYHQWRU\ SRVLWLRQLQJ EDVHG RQ SURGXFW W\SH 7KH
FRPPRQO\XVHGSURGXFWVDUHORFDWHGDW WKHIRUHIURQWRIVWRUDJHZKLOHVRPHW\SHVRISURGXFWVZKRVH
UDWHRIVWRFNWXUQVLVLQVXIILFLHQWDUHSODFHWRWKHUHDURIVWRUDJH5DQGRP6WUDWHJ\PHDQVWKDWHDFK
SURGXFW LV SXW LQWR VWRUDJH DUELWUDULO\2WKHUPHDVXUHV FRQFHUQHGZLWK SODQQLQJ RI FRQWURO UXOHV DUH
GHPRQVWUDWHGLQWKHIROORZLQJ)LJXUH

)LJXUH0HDVXUHVDUHFRQFHUQHGZLWKSODQQLQJRIFRQWUROUXOHV
7KHPHDVXUHVDUHDOVRGLVFXVVHGXQGHUWKUHHVHFWLRQVRQWKHEDVLVRISODQQLQJWHUPV,QRWKHUZRUGV
WKH DYDLODEOHPHDVXUHV DUH VHSDUDWHG LQWR WKUHH KHDGLQJV DQG WKH HVVHQWLDO SRLQW RQZKLFK WKH\ DUH
GLVWLQJXLVKHG LV UHODWHG WR WKHLU SULPDULO\ LQIOXHQFH GRPDLQ QDPHO\ WR LQFUHDVH V\VWHP ORDG WR
GHFUHDVHFRVWDQGWRLQFUHDVHSHUIRUPDQFHDQGFDQEHVHHQLQ7DEOHEHORZ$OVRFRPSDQLHVFRXOG
KDYHEHHQSRVVHVVHGZLWKDQDEVROXWHLGHDRIZKDWPHDVXUHVPLJKWKDYHDQLQIOXHQFHRQFDSDFLW\FRVW
RUHYHQWKURXJKSXWUDWH 
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7DEOH0HDVXUHVEDVHGRQLQIOXHQFHDUHD
7R,QFUHDVH6\VWHP/RDG 7R'HFUHDVH&RVW 7R,QFUHDVH3HUIRUPDQFH
'HILQLWLRQRI6\VWHP/RDG 'HILQLWLRQRI6\VWHP/RDG 'HILQLWLRQRI6\VWHP/RDG
2UGHU5DWH 2UGHU5DWH 2UGHU5DWH
3URGXFW7\SHLQDQ2UGHU 3URGXFW7\SHLQDQ2UGHU 3URGXFW7\SHLQDQ2UGHU
'XH'DWH 'XH'DWH 'XH'DWH
3ODQQLQJRIWKH
2UJDQL]DWLRQDO6WUXFWXUH
3ODQQLQJRIWKH
2UJDQL]DWLRQDO6WUXFWXUH
3ODQQLQJRIWKH
2UJDQL]DWLRQDO6WUXFWXUH
6KXWWOH5HVSRQVLELOLW\  
5HVRXUFH3ODQQLQJ 5HVRXUFH3ODQQLQJ 5HVRXUFH3ODQQLQJ
1XPEHURI2UGHU3LFNHUV 1XPEHURI2UGHU3LFNHUV 1XPEHURI2UGHU3LFNHUV
1XPEHURI5HSOHQLVK:RUNHUV
1XPEHU RI 5HSOHQLVKPHQW
:RUNHUV
1XPEHU RI 5HSOHQLVKPHQW
:RUNHUV
1XPEHURI6KXWWOHV 1XPEHURI6KXWWOHV 1XPEHURI6KXWWOHV
1XPEHURI)RUNOLIWV 1XPEHURI)RUNOLIWV 1XPEHURI)RUNOLIWV
6SHHGRI6KXWWOH 0D[LPXP6WRFN/HYHO 6SHHGRI6KXWWOH
6SHHGRI:RUNHU 5H2UGHU3RLQW 6SHHGRI:RUNHU
6SHHGRI)RUNOLIW  6SHHGRI)RUNOLIW
6SHHGRI/LIWV  6SHHGRI/LIWV
0D[LPXP6WRFN/HYHO  0D[LPXP6WRFN/HYHO
5H2UGHU3RLQW  5H2UGHU3RLQW
 =RQH&DSDFLW\
/D\RXW3ODQQLQJ /D\RXW3ODQQLQJ /D\RXW3ODQQLQJ
5RXWLQJ3ROLF\  5RXWLQJ3ROLF\
  &ROOLVLRQ$YRLGDQFH
  &ROOLVLRQ5DQJH
3ODQQLQJRI&RQWURO5XOHV 3ODQQLQJRI&RQWURO5XOHV 3ODQQLQJRI&RQWURO5XOHV
:RUNLQJ7\SH :RUNLQJ7\SH :RUNLQJ7\SH
6XSSO\6WUDWHJ\ 6XSSO\6WUDWHJ\ 6XSSO\6WUDWHJ\
&XVWRPHU$UUDQJHPHQW6WUDWHJ\  &KDUJH6WUDWHJ\
  &KDUJH'XUDWLRQ
  5HSOHQLVK$PRXQW
  6DIH6WRFN3ROLF\
  ,QYHQWRU\3ROLF\
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 9DOLGDWLRQDQG9HULILFDWLRQRI$QWLFLSDWRU\&KDQJH3ODQQLQJ
7KHSXUSRVHRIWKHSUHVHQWVWXG\LV WRGHYHORSDIUDPHZRUNIRUDOONLQGRILQWUDORJLVWLFVV\VWHPVWR
DSSO\ DQWLFLSDWHG FKDQJHV DQG WR ILQG WKH DSSURSULDWH VROXWLRQV LQ FDVH RI XQZDQWHG VLWXDWLRQV DIWHU
SXWWLQJFKDQJHVLQWRSUDFWLFH7KHSURSRVHGIUDPHZRUNLVDQH[WHQVLRQIRUPRIWKHVWXG\WKDWEHORQJHG
WR*OOHUHWDODQGZKLFKLVH[SODLQHGFRPSUHKHQVLYHO\LQ&KDSWHU,QDGGLWLRQDOWRWKHLU
VWXG\WKHIROORZLQJIUDPHZRUNKDVEHHQGHYHORSHGEDVHGRQWKHSULQFLSOHRIWKHIORZFKDUWGLDJUDP
DQGFHUWDLQFRQGLWLRQDOVWDWHPHQWV7KHPDLQJRDORIWKLVIUDPHZRUNLVWREHDQDSSOLFDEOHSURFHGXUH
IRUDOOVRUWVRIFRPSDQLHVZKRVKRXOGEHDEOHWRIROORZWKHIUDPHZRUNHDVLO\(DFKVLJQLILFDQWSURFHVV
RIWKHLQWHJUDWHGDQWLFLSDWRU\FKDQJHSODQQLQJIUDPHZRUNDQGWKHVL[VWHSSODQQLQJSURFHGXUHZLOOEH
H[SODLQHGJUDGXDOO\DQGLQGHSWKEHORZ
6\VWHP/RDG&UHDWLRQ
7KLVVWHSLVWKHLQLWLDOVWHSLQZKLFKWKUHHGLIIHUHQWSURGXFWW\SHVDUHJHQHUDWHG$SDUWLFXODUVLPXODWLRQ
PRGHO FDOOHG&KDQJH3ODQQLQJ6LPXODWLRQ &36 LVFUHDWHG LQRUGHU WRREWDLQ DYLUWXDOPDUNHWSODFH
VLWXDWLRQE\UHIOHFWLQJUHDOEXVLQHVVFRQGLWLRQV,QDQDWWHPSWWRKDQGOHWKLVNLQGRIVLPXODWLRQERWK
H[SHFWHG DQG XQH[SHFWHG HYHQWV DUH WDNHQ LQWR FRQVLGHUDWLRQ $IWHU UXQQLQJ &36 WZR WLPH VHULHV
JUDSKVUHODWHGWRWKHGHPDQGHGDQGVXSSOLHGSURGXFWVIOXFWXDWLRQVDUHDFTXLUHG
6FHQDULR*HQHUDWLRQ
'XHWRWKHSUHVHQFHRIDFRXQWOHVVQXPEHURIHYHQWV LQFLGHQWVDQGQDWXUDOKDSSHQLQJVZKLFKPLJKW
RFFXU LQ WKH IXWXUH LW LV XQDFKLHYDEOH WRPDNH SODQV IRU DOO DERYHPHQWLRQHG HYHQWV 7KHUHIRUH D
VFHQDULR EDVHG DSSURDFK WR DQWLFLSDWRU\ SODQQLQJ LV SUHIHUUHG WR FRQYHUW SRWHQWLDO HYHQWV LQWR DQ
H[SHULPHQWVHW:XOIHWDO GHILQHWKHDLPRIVFHQDULRSODQQLQJDVDGHYHORSPHQWRIYDULRXV
SRVVLEOHYLHZVRIWKHIXWXUHDQGWKLQNLQJWKURXJKWKHFRQVHTXHQFHVRIKDQGOHGYLHZVIRUHQWHUSULVHV
,QDGGLWLRQWKH\VXJJHVWHG WKDW WKHVFHQDULRSODQQLQJDSSURDFKJLYHVDQRSSRUWXQLW\ WRPDQDJHUVWR
FKDOOHQJHWKHLUDVVXPSWLRQVWRDFKLHYHEHLQJSUHSDUHGWKHIXWXUHGHYHORSPHQWV7KDWLVZK\VFHQDULR
SODQQLQJLVPHUJHGLQWRWKHSURSRVHGV\VWHP
:LWKLQWKHVFRSHRIWKHSUHVHQWVWXG\WZRNLQGVRIXQFHUWDLQWLHVDUHEDVLFDOO\H[DPLQHG,QVLGHWKH
ZDUHKRXVHXQFHUWDLQW\KDVDVLJQLILFDQWLPSDFWRQWKHQXPEHUVRISURGXFWVSURGXFWVW\SHVRUWKHGXH
GDWHRIWKHFXVWRPHURUGHU2XWVLGHWKHZDUHKRXVHXQFHUWDLQW\DOVRKDVDQLPSDFWKRZHYHULWLV
SURGXFHGIURPH[WHUQDOVRXUFHV
$VVHVVPHQWRIWKH([LVWLQJ6WDWH
$IWHU WKH VFHQDULR FUHDWLRQ WKH RULJLQDO IRUPRI WKH H[SHULPHQW VHW LV ILUVWO\ UXQ LQRUGHU WR UHDOL]H
ZKHWKHU DQ\ XQZDQWHG FRQVHTXHQFHV KDSSHQ RU QRW 2QH RI WKH PRVW LPSRUWDQW SDUWV RI &76
VLPXODWLRQLVVWDWLVWLFDODQDO\VLVWKDWLVFRPSRVHGRIPDQ\IOH[LELOLW\FRUULGRUVDQGVWDWLVWLFDOJUDSKRU
FKDUWV,WLVDOVRFDOOHGWKHDVVHVVPHQWVHFWLRQDQGGHSLFWVWKHRYHUDOOUHVXOWVLQDVLPSOHZD\DQGDOVR
HQVXUHVWKDWXVHUVUHFRJQL]HZKLFKFRQWUROSDUDPHWHUVDUHQRWZLWKLQ WKHDFFHSWDEOHERUGHUV%HVLGHV
VSHFLILFDQDO\VLVVXFKDVFRVWRUVWRUDJHDVVHVVPHQWWKHSHUIRUPDQFHDYDLODELOLW\DQDO\VLVDOVRJLYHV
DQLGHDDERXWWKHRYHUDOOFDSDFLW\RIWKHHQWLUHLQWUDORJLVWLFVV\VWHP


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
'HWHUPLQDWLRQRI$OWHUQDWLYH0HDVXUH
7KLVVWHSLVSXWLQWRSUDFWLVHLIWKHFRQGLWLRQDOVWDWHPHQWZKLFKLVFKHFNLQJDOOSRWHQWLDOFODVVHVLQDQ
DWWHPSWWRXQGHUVWDQGKRZWREHKDYHDIWHUFKDQJHLVDSSOLHGUHWXUQVDQHJDWLYHUHSO\,QWKHFDVHRI
GHWHFWLQJDQXQGHVLUHG LQFUHDVHRUGHFUHDVH WKHDOWHUQDWLYHPHDVXUHV WKDWDUHGHILQHGSUHYLRXVO\DUH
FKRVHQ $W WKLV SRLQW WKUHH DLPV DUH FRQVLGHUHG ZKLOH ILQGLQJ DQ DSSURSULDWHPHDVXUH WKHVH DUH
LQFUHDVH WKH V\VWHP ORDG GHFUHDVH WKH WRWDO FRVW DQG LQFUHDVH WKH V\VWHP SHUIRUPDQFH 'XULQJ WKH
VHOHFWLRQ RI SUHFDXWLRQV WKH 6L[ 6WHS 3ODQQLQJ 663 PHWKRG WKDW HPHUJHV IURP SURFHVV FKDLQ
PHWKRGRORJ\ SURYLGHV D V\VWHPDWLF DSSURDFK WR IROORZ DQG D EURDG SHUVSHFWLYH WR HYDOXDWH DOO
SDUDPHWHUVZLWKRXWDQ\RYHUVLJKW
$VVHVVPHQWRI0HDVXUH
,QRUGHUWREHFHUWDLQWKDWWKHDSSOLHGPHDVXUHLVSURILWDEOHDQGWKHXQGHVLUHGUHVXOWVRIWKHSURMHFWHG
VFHQDULRDUHSUHYHQWHGWKHPHDVXUHVVKRXOGEHWHVWHG%HFDXVHRIWKLVWKHVLPXODWLRQLVUHUXQZLWK
WKHPHDVXUHV 7KH SURFHGXUHV H[SODLQHG LQ WKH DVVHVVPHQW RI WKH H[LVWLQJ V\VWHP VWHS DUH UHSHDWHG
LWHUDWLYHO\LQRUGHUWRHYDOXDWHWKHVXLWDELOLW\RIWKHUHFRPPHQGHGPHDVXUHV,IWKHDSSOLHGPHDVXUHV
FDQQRW VDWLVI\ H[SHFWDWLRQV LQ WHUPVRI FRVW SHUIRUPDQFHRU V\VWHP ORDGDIWHU WHVWLQJ WKH LPSDFWRI
PHDVXUHV RQ GLIIHUHQW NLQGV RI SRWHQWLDO FODVVHV DQRWKHU PHDVXUH VKRXOG EH H[DPLQHG 2WKHUZLVH
WKHUHLVQRREVWDFOHWRLPSOHPHQWWKHFKRVHQPHDVXUHV
$OO WKH DERYH H[SODLQHG VWHSV DUH GHPRQVWUDWHG H[SOLFLWO\ LQ WKH IROORZLQJ IORZ GLDJUDP LQ )LJXUH

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
,Q DQ DWWHPSW WR SURYH WKH HIILFLHQF\ RI WKH DQWLFLSDWRU\ FKDQJH SODQQLQJ LQWHJUDWHG LQWR WKH &76
VLPXODWLRQYDOLGDWLRQDQGYHULILFDWLRQRIWKHUHFRPPHQGHGIUDPHZRUNLVSURYLGHGE\XVLQJWKHVFHQDULR
SODQQLQJWHFKQLTXH:LWKLQWKHFRPSDVVRIWKLVUHVHDUFKILYHUHSUHVHQWDWLYHFKDQJHVFHQDULRVDUHWKRXJKW
RXW :KLOH SODQQLQJ WKHVH VRUWV RI FKDQJH VFHQDULRV WKH PDLQ FRQFHUQ LV WR WDNH QRW RQO\ PRUH
ZLGHVSUHDGEXWDOVRZHOOURXQGHGSUREOHPVRUDOWHUDWLRQVLQWRFRQVLGHUDWLRQ7KHILUVWWKUHHVFHQDULRVDUH
FRQFHUQHGPRUHZLWKWKHIOXFWXDWLRQLQSURGXFWGHPDQGDQGWKHVHDUHDFFHSWHGDVWKHH[WHUQDOFKDQJHV
7KH JHQHUDWHG VFHQDULRV HQKDQFHG FKDQJHV ZKLFK KDYH RULJLQDWHG ERWK LQVLGH DQG RXWVLGH RI WKH
LQWUDORJLVWLFVV\VWHP,QWKLVFRQWH[WWKHODVWWZRFKDQJHVFHQDULRVDUHRUJDQL]HGLQGHIHUHQFHWRLQWHUQDO
DOWHUDWLRQ$OOJHQHUDWHGFKDQJHVFHQDULRVDUHJLYHQEHORZLQPRUHGHWDLO
5.6.1 Change Scenario 1: The Seasonality Effect on All Product Types 
,Q WKH ILUVW VFHQDULR WKH GHPDQG JRHV XS  IRU DOO SURGXFWV ,Q RUGHU WR UHIOHFW WKLV FKDQJH LQ WKH
VLPXODWLRQHDFKFXVWRPHUEHJLQVWRJLYHRUGHUVWZRWLPHVGXULQJDVLQJOHGD\ZKHUHE\WKHLQWHUYDOWLPH
RIWZRRUGHUVLVGHWHUPLQHGDVEHLQJPLQXWHVXQGHUQRUPDOFRQGLWLRQV$IWHUDSUHVSHFLILHGFKDQJHLV
DSSOLHG ZLWKLQ WKH FRQWH[W RI VFHQDULR  WKH HVVHQWLDO SHUIRUPDQFH SDUDPHWHUV ZLWK WKHLU IOH[LELOLW\
FRUULGRUVDUHJLYHQEHORZLQ)LJXUH

     D      E

     F      G
)LJXUH6FHQDULR3HUIRUPDQFH3DUDPHWHUVD6KXWWOH3HUIRUPDQFHE&RVW$QDO\VLVF&\FOH7LPH
G'XHGDWH3HUIRUPDQFH
$VFDQEHGHWHFWHGIURPWKHJUDSKVDERYHWKHFDSDFLW\RIWKHLQWUDORJLVWLFVV\VWHPLVLQFUHDVLQJVWHSE\
VWHS LQRUGHU WRGHOLYHU FXVWRPHURUGHUVRQ WLPH+RZHYHU WKH ODVW JUDSK VKRZV WKDW WKHUHKDVEHHQD
VKDUSGHFOLQH LQWKHSHUIRUPDQFHRI WKHGXHGDWH2QWKHRWKHUKDQG WKHF\FOHWLPHRIDQRUGHUZKLFK
VWDUWVDIWHUWKHRUGHULVHQWHUHGLQWRWKHV\VWHPLV LQFUHDVLQJVWHHSO\7KHUHLVDOVRDPDUNHGULVHLQWKH
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
WRWDOFRVWEHFDXVHRIWKHSHQDOW\FRVWRIODWHGHOLYHU\,QDQ\FDVHLWVHHPVFOHDUWKDWWKHH[LVWLQJFHOOXODU
WUDQVSRUW V\VWHPZDV QRW DEOH WR RYHUFRPH WKH VHDVRQDOLW\ HIIHFW DV D UHVXOW RI WKH VXGGHQ LQFUHDVH LQ
GHPDQG,QRUGHUWRUHJXODWHWKHLQVXIILFLHQWFRQGLWLRQRIWKHV\VWHPWKUHHNLQGVRIPHDVXUHVDUHVHOHFWHG
E\XVLQJWKHV\VWHPDWLFDSSURDFKRIVL[VWHSVSODQQLQJRULJLQDWHGIURPSURFHVVFKDLQPHWKRGRORJ\
,QFUHDVLQJ9HORFLW\
7KHILUVWPHDVXUHLVLQFUHDVLQJWKHYHORFLW\RIWKHVKXWWOHWKDWLVORFDWHGXQGHUWKHIRXUWKVWHSRISURFHVV
FKDLQPHWKRGRORJ\FDOOHGUHVRXUFHSODQQLQJ7KHYHORFLW\RIDVLQJOHVKXWWOHLVLQFUHDVHGWZRIROG
,QFUHDVLQJ:RUNLQJ+RXUV
7KHVHFRQGPHDVXUHLVLQFUHDVLQJWKHZRUNLQJKRXUVZKLFKLVUHODWHGWRWKHSODQQLQJRIFRQWUROUXOHVVWHS
7KHGHIDXOWZRUNLQJKRXUVRIH[LVWLQJV\VWHPVLVHLJKWKRXUVSHUGD\ZKHUHDVIRUWKLVFDVHWKHZRUNLQJ
KRXUVDUHLQFUHDVHGE\DQGWKHFRPSDQ\EHJLQVWRZRUNVL[WHHQKRXUVHDFKGD\
,QFUHDVHWKH1XPEHURI6KXWWOHV
7KHODVWPHDVXUHLVDERXWLQFUHDVLQJWKHQXPEHURIVKXWWOHVDJDLQIURPWKHUHVRXUFHSODQQLQJVXEFODVVHV
7KHLQLWLDOQXPEHURIVKXWWOHVLQWKHFHOOXODUV\VWHPLVWZHQW\DQGWKHQWHQVKXWWOHVDUHLQVHUWHGLQWRWKH
V\VWHP WR HQKDQFH WKH LQDGHTXDWH ZDUHKRXVH FDSDFLW\ 7KH DQDO\VLV RI DERYHPHQWLRQHG PHDVXUHV DUH
JLYHQEHORZLQ)LJXUH

        D

      E

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
        F
)LJXUH6FHQDULR3HUIRUPDQFH$YDLODELOLW\IRUD,QFUHDVHGYHORFLW\E,QFUHDVHGZRUNLQJKRXUVF
,QFUHDVHGQXPEHURIVKXWWOHV
$VVWDWHGEHIRUHWKHSHUIRUPDQFHDYDLODELOLW\LQVLGHWKHFRQWH[WRI&76VLPXODWLRQLVFDOFXODWHGE\WDNLQJ
DQ DYHUDJH RI DOO DYDLODEOH VKXWWOH SHUIRUPDQFHV :KHQ WKH GHWDLOHG VKXWWOH SHUIRUPDQFH JUDSK LV
LQYHVWLJDWHG LW LV QRWLFHG WKDW WKH VKXWWOHV DUHZDLWLQJ SHULRGLFDOO\ EHFDXVH RI FRPSOHWLQJ D GHPDQGHG
RUGHURULQWKHFDVHRIDQLWHPEHLQJRXWRIVWRFN+RZHYHURYHUWKHVLPXODWLRQUXQWLPHWKHGXUDWLRQRI
ZDLWLQJ WLPHV LV JRLQJ GRZQ VOLJKWO\ 7KLV LVZK\ WKH SHUIRUPDQFH DYDLODELOLW\ LQFUHDVHV VWHDGLO\ RYHU
WLPH%HVLGHV SHUIRUPDQFH DQDO\VLV WKH FRVW EHKDYLRXUV RI HDFK PHDVXUH DUH GHPRQVWUDWHG LQ WKH
IROORZLQJ)LJXUH

        D

E

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
        F
)LJXUH6FHQDULR&RVW$QDO\VLVIRUD,QFUHDVHGYHORFLW\E,QFUHDVHGZRUNLQJKRXUVF,QFUHDVHG
WKHQXPEHURIVKXWWOHV
%DVHGRQ WKHSHUIRUPDQFHDYDLODELOLW\ WKH FRVWDQDO\VLVJUDSKV DERYHDQG7DEOHJLYHQEHORZ WKDW
VXPPDUL]HV WKH VLPXODWLRQ UHVXOWV XQGHU EDVLF SHUIRUPDQFH SDUDPHWHU KHDGLQJV WKH WKLUG PHDVXUH LV
FKRVHQWRLPSOHPHQW
7DEOH6FHQDULRDFRPSDULVRQRIWKHVHOHFWHGWKUHHPHDVXUHV
0HDVXUHV 7RWDO2UGHU
7KURXJKSXW
5DWH
&\FOH
7LPH
2UGHU
8QFRPSOHWHG
2UGHU
&RPSOHWHG
&XVWRPHU
:DLWLQJ
2Q
7LPH
'HOLYHU\
/DWH
'HOLYHU\ &RVW
,QFUHDVH  RI
6KXWWOHV         
9HORFLW\LQFUHDVH         
1LJKW6KLIW         

5.6.2 Change Scenario 2: Twice as Many Orders Due to Local / Global Promotion  
)RUWKHVHFRQGVFHQDULRWKH&KDQJH3ODQQLQJ6LPXODWLRQLVXWLOL]HGLQRUGHUWRREWDLQDVKDUSLQFUHDVHRQ
RQO\ RQH SURGXFW 7R DFFRPSOLVK WKLV JRDO ORFDO DQG JOREDO SURPRWLRQV DUH PDGH RQO\ IRU WKH EOXH
SURGXFWV DQG WKH UHODWHG JUDSKV DUH UHSUHVHQWHG DV IROORZV LQ )LJXUH  ,Q VKRUW GHPDQG JRHV XS
DSSUR[LPDWHO\IRUDEOXHSURGXFWDQGDQXQEDODQFHEHWZHHQRUGHUOLQHVLVREVHUYHG


)LJXUH6FHQDULR,QFUHDVHGGHPDQGRIDERXWIRUDNH\SURGXFWDQGWKHXQEDODQFHGVLWXDWLRQ
EHWZHHQRUGHUOLQHV
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
$IWHU WKH DERYHPHQWLRQHG FKDQJH LV DSSOLHG XQGHU WKH FRQFHSW RI VFHQDULR  WKH VWRUDJH DQDO\VLV DQG
SURGXFWVIOXFWXDWLRQVDUHJLYHQEHORZLQ)LJXUH

)LJXUH6FHQDULR6WRUDJHEHKDYLRXUIRUEOXHUHGDQG\HOORZSURGXFWVEHIRUHPHDVXUH
LPSOHPHQWDWLRQ
$VGHPRQVWUDWHGLQWKHDERYHWKUHHGLDJUDPVZKLFKSUHVHQWDGHWDLOHGVWRUDJHDQDO\VLVWKHEOXHSURGXFW
KDVUXQRXW,QRUGHUWRVWUHQJWKHQXQGHUVWDQGLQJWKHEDUFKDUWVDUHDWWDFKHGQH[WWRWKHWLPHSORWDQGWKH\
VKRZWKHWRWDOSURGXFWDPRXQWLQWKHVWRUDJHIRUHDFKSURGXFWW\SHV7RSXWLWVLPSO\XQEDODQFHGGHPDQG
EHWZHHQ RUGHU OLQHV FDQ OHDG WR KXJH IOXFWXDWLRQV IRU VRPH RUGHU OLQHV WKH EOXH SURGXFW EHLQJ RQH
H[DPSOH ,Q RUGHU WR RYHUFRPH WKLV FKDOOHQJH WKUHH PHDVXUHV DUH FKRVHQ ZKLFK DUH H[SODLQHG
FRPSUHKHQVLYHO\DVIROORZV
,QFUHDVHWKH0D[LPXP6WRFN/HYHO
$W WKH EHJLQQLQJ RI WKH &76 VLPXODWLRQ D VSHFLILF DPRXQW LV DVVLJQHG IRU HDFK SURGXFW W\SH  7KLV
DPRXQW DOVR FDOOHG WKH PD[LPXP VWRFN OHYHO LV GHWHUPLQHG DV  ELQV IRU HYHU\ W\SH RI SURGXFW
+RZHYHUWKHPD[LPXPVWRFNOHYHOJRHVXSE\DQGWKHQHZDPRXQWRISURGXFWYDULHVIURPELQV
WR  ELQV 7KH JUDSKV FRQFHUQLQJ VWRUDJH EHKDYLRXU DIWHU LQFUHDVLQJ WKH PD[LPXP VWRFN OHYHOV DUH
UHSUHVHQWHGEHORZLQ)LJXUH


)LJXUH6FHQDULR6WRUDJHEHKDYLRXUIRUEOXHUHGDQG\HOORZSURGXFWVDIWHULQFUHDVLQJWKH
PD[LPXPVWRFNOHYHOV
:KDW LV UHPDUNDEOH LV WKDW µUXQ RXW RI EOXH SURGXFW SUREOHPV¶ KDV HPHUJHG DJDLQ 7KXV LW FDQ EH
FRQFOXGHGWKDWLQFUHDVLQJPD[LPXPVWRFNOHYHOVLVQRWYLDEOHIRUVROYLQJWKHHQFRXQWHUHGSUREOHPV
7KH$GGLQJ6DIHW\6WRFN3ROLF\
$QRWKHUPHDVXUHLVVHOHFWHGIURPWKHPRVWLPSRUWDQWSDUWRIVL[VWHSVSODQQLQJLQZKLFKFRQWUROUXOHVDQG
ZDUHKRXVHVWUDWHJLHVDUHPRGLILHGE\UHPRYDORULQVHUWLRQ6DIHW\VWRFNSROLF\LVDQH[DPSOHXQGHUWKH
KHDGLQJVRIWKHSODQQLQJFRQWUROUXOHVVWHS1RUPDOO\UHRUGHUSRLQWUXOHVDUHFDUULHGRXWLQRUGHUWRDYRLG
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
VWRFNGHILFLHQF\+RZHYHU UHRUGHUSRLQW UXOHVUHPDLQLQFDSDEOHLQ WKHFDVHRIVFHQDULR$WWKLV
SRLQWELQVDUHNHSWLQUHVHUYHDVVDIHW\VWRFN

)LJXUH6FHQDULR6WRUDJHEHKDYLRXUIRUEOXHUHGDQG\HOORZSURGXFWVDIWHUDGGLQJVDIHW\VWRFN
,W FDQ EH VHHQ IURP WKH DERYH VWRFN JUDSKV )LJXUH WKDW HYHQ WKRXJK WKH VLPXODWLRQ LV FRPSOHWHG
ZLWKRXW D QRQDYDLODEOH VLWXDWLRQ DQ HQRUPRXV ZDYH FDQ EH REVHUYHG RQ WKH EOXH SURGXFW +HQFH
LQVHUWLQJWKHVDIHW\VWRFNPHDVXUHFDQQRWEHDFFHSWHGDVDQH[DFWVROXWLRQIRUWKLVFDVHVWXG\
7KH$OWHU6XSSO\6WUDWHJ\
:LWKLQ WKHFRQFHSWRI&76VLPXODWLRQ WKHSXUFKDVLQJSURFHVV LVSHUIRUPHGXQGHU WKUHHVWUDWHJLHV7KH
ILUVW LV EDVHG RQ IRUHFDVW VWUDWHJ\ WKDW REWDLQV WKH SXUFKDVLQJ DPRXQW IURP WKH &KDQJH 3ODQQLQJ
6LPXODWLRQ7KHVHFRQGVWUDWHJ\ LVFDUULHGRXWDFFRUGLQJ WRPD[LPXPOHYHOV DQGDLPV LQLWLDOO\IRU IXOO
VWRUDJH  7KH WKLUG VWUDWHJ\ LV EDVHG RQ WKH IL[ YDOXH VWUDWHJ\ LQZKLFK XVHUV DUH DEOH WR DUUDQJH WKH
SXUFKDVH DPRXQW IRU HDFK SURGXFW JURXS 7KH GHIDXOW YDOXH RI &76 VLPXODWLRQ LV WKHPD[LPXP OHYHO
PHWKRG +RZHYHU RWKHU VXSSO\ WHFKQLTXHV ZLOO EH DSSOLHG WR XQGHUVWDQG ZKLFK VWUDWHJ\ LV WKH PRVW
VXLWDEOHZKHQDQXQEDODQFHGFDVHLVUHDOL]HGEHWZHHQGHPDQGHGSURGXFWV
7KH)RUHFDVW2SWLRQ

)LJXUH6FHQDULR6WRUDJHEHKDYLRXUIRUEOXHUHGDQG\HOORZSURGXFWVDIWHUDSSO\LQJIRUHFDVWRSWLRQ
7KH JUDSKV DERYH LQ )LJXUH  LOOXVWUDWH WKDW WKH IRUHFDVWRSWLRQV DUH QRW FDSDEOH RI KDQGOLQJ RXW RI
VWRFNSUREOHPV2QWKHRWKHUKDQGZDYLQJRQWKHEOXHSURGXFWKDVDOVRDSSHDUHG
7KH)L[HG2UGHU4XDQWLW\2SWLRQ
7KH )L[HG 2UGHU 4XDQWLW\ )24PHWKRG LV XVHG ZKHQ GHPDQG IRU WKH SURGXFW LV LQYDULDEOH DQG WKH
UHTXLUHGTXDQWLW\ DUHQRWTXLWHNQRZQ$V FDQEHXQGHUVWRRG IURP WKHGHPDQGHGSURGXFW )LJXUH
EOXHSURGXFWVVKRXOGEHVXSSOLHGWZRWLPHVPRUHWKDQUHGDQG\HOORZSURGXFWV$FFRUGLQJWRWKLVORJLF
WKHDPRXQWVRISURGXFWVWKDWZLOOEHSXUFKDVHGIRUHDFKSURGXFWW\SHDUHJLYHQEHORZLQ)LJXUH

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
)L[RUGHUTXDQWLW\IRUWKHEOXHSURGXFW  
)L[RUGHUTXDQWLW\IRUWKHUHGSURGXFW  
)L[RUGHUTXDQWLW\IRUWKH\HOORZSURGXFW 

)LJXUH6FHQDULR6WRUDJHEHKDYLRXUIRUEOXHUHGDQG\HOORZSURGXFWVDIWHUDSSO\LQJWKHIL[HGYDOXH
RSWLRQ
8OWLPDWHO\ WKHKXJH IOXFWXDWLRQV DQG WKH QRQ DYDLODEOH VLWXDWLRQ IRU WKH VXSSOLHG EOXH SURGXFW FDQ EH
SUHYHQWHGE\XVLQJWKHIL[HGRUGHUTXDQWLW\VXSSO\VWUDWHJ\
5.6.3 Change Scenario 3: 50% Increase in Customer Numbers Due to e-Commerce Marketing  
)URPWKHIROORZLQJUHVRXUFHDQDO\VLV LQ)LJXUHZKLFKLVREWDLQHGIURP&76VLPXODWLRQLWFDQEH
VHHQWKDWWKHVKXWWOHDQGRUGHUSLFNHUKDYHHQRXJKDYDLODEOHFDSDFLW\WRHQODUJHWKHH[LVWLQJWDUJHWPDUNHW
ZLWKRQOLQHWUDQVDFWLRQEDVHGPDUNHWLQJDOVRFDOOHGHOHFWURQLFFRPPHUFH7KHUHIRUHWKHQXPEHURIWRWDO
FXVWRPHUVLQFUHDVHVE\LQWKHWKLUGVFHQDULRDIWHUHQWHULQJLQWRWKHQHZHFRPPHUFHPDUNHWSODFH

       D

        E
)LJXUH6FHQDULR,QLWLDO6WDWHD6KXWWOHFDSDFLW\E2UGHUSLFNHUFDSDFLW\LQWKHZRUNVWDWLRQ
6FHQDULRLVHVWDEOLVKHGILUVWO\WRXQGHUVWDQGZKHWKHUWKHH[LVWLQJV\VWHPLVFDSDEOHRIRYHUFRPLQJWKH
LQFUHDVH LQ WKHQXPEHURIFXVWRPHUVDQGVHFRQGO\ WRGHWHUPLQH WKHPD[LPXPOHYHORIFXVWRPHU
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
QXPEHUV WKDW WKH SUHVHQW&76FDQFRSHZLWKZKLOVW VWLOO GHOLYHULQJ WKHRUGHUVRQ WLPH 7KH IROORZLQJ
VKDSHVVKRZQLQ)LJXUHGHPRQVWUDWHWKHVKXWWOHDQGRUGHUSLFNHUSHUIRUPDQFHDIWHUDLQFUHDVH
LQFXVWRPHUQXPEHUV

        D

        E
)LJXUH6FHQDULR&XVWRPHULQFUHDVHRID6KXWWOHFDSDFLW\E2UGHUSLFNHUFDSDFLW\LQWKH
ZRUNVWDWLRQ
7KHSHUFHQWDJHRIVKXWWOHSHUIRUPDQFH LV LQFUHDVHGIURPWRDQGRUGHUSLFNHUSHUIRUPDQFH LV
LQFUHDVHG IURP WR  ERWK DW WKH VDPH WLPH DV FKDQJHV WR WKHQXPEHURI FXVWRPHUV KDYH EHHQ
FDUULHGRXW
7KHRWKHUH[SHULPHQWLVUHODWHGWRTXDQWLI\LQJWKHXSSHUOLPLWRIFXVWRPHUQXPEHUVZKRVHRUGHUFDQEH
IXOILOOHG RQ WLPH ZLWKLQ WKH &76 VLPXODWLRQ 7KXV HLJKW PRUH FXVWRPHUV DUH LQVHUWHG IRU HDFK
ZRUNVWDWLRQLQRWKHUZRUGVWKHFDSDFLW\RIHDFKZRUNVWDWLRQLVGRXEOHG

        D
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
)LJXUH6FHQDULR&XVWRPHULQFUHDVHRID6KXWWOHFDSDFLW\E2UGHUSLFNHUFDSDFLW\LQ
ZRUNVWDWLRQV
7KHDERYHVKDSHVVKRZQLQ)LJXUHVKRZWKDWWKHFDVHVWXG\LVDERXWGRXEOLQJZRUNVWDWLRQFDSDFLW\
E\ DVVLJQLQJ WZR WLPHV PRUH FXVWRPHUV DQG FDQ EH KDQGOHG E\ WKH H[LVWLQJ VKXWWOH DQG RUGHU SLFNHU
FDSDFLW\7KHODVWSHUIRUPDQFHOHYHOIRUWKHVKXWWOHLVDSSUR[LPDWHO\DQGIRURUGHUSLFNHULV,W
VHHPVFOHDUHQRXJKWKDWDOWKRXJKWKHRUGHUSLFNHUVKDYHVXIILFLHQWWLPHWRSLFNIRUPRUHWKDQGRXEOHWKH
QXPEHURIFXVWRPHUVWKHVKXWWOHVDUHDOPRVWWRREXV\IRUSLFNLQJWKHUHTXHVWHGLWHP
5.6.4 Change Scenario 4: Disruption in the Warehouse for a Month 
,Q6FHQDULRWKHFRPSDQ\KDVEHHQVKXWGRZQEHFDXVHRIDQXQH[SHFWHGHYHQWHLWKHULQVLGHRURXWVLGH
WKH VXSSO\ FKDLQ VXFK DV QDWXUDO FDWDVWURSKLF ORVV VWULNH RU VDERWDJH IRU RQHPRQWK 7KH DLP RI WKLV
VFHQDULRLVWRJLYHWKHFRPSDQ\DQLGHDE\SURYLGLQJJHQHUDOV\VWHPORDGDQDO\VLVRUVSHFLILFDQDO\VLVLH
FRVWRUVWRUDJHDQDO\VLVHWFXQGHUWKHFORVHGGRZQFLUFXPVWDQFHV:LWKWKHKHOSRIWKLVVHULHVRIDQDO\VHV
FRPSDQLHV PLJKW EH DEOH WR DUUDQJH D SUHFDXWLRQV SODQ WR DSSO\ ZKHQ WKH\ HQFRXQWHU DQ XQGHVLUHG
FKDOOHQJH7KHORJLFEHKLQGVFHQDULRLVWRVWRSWKHUXQQLQJRIWKHZDUHKRXVHIRURQHPRQWK+RZHYHU
LQ WKHPHDQWLPH FXVWRPHUV DUH FRQWLQXLQJ WR SODFH RUGHUV 7KH ILUVW RI WKH IROORZLQJ LQ )LJXUH 
UHSUHVHQWVDVKDUSIDOOLQGXHGDWHSHUIRUPDQFH7KHLPSRUWDQWLQIHUHQFHREWDLQHGIURPWKLVJUDSKLVWKDW
DWOHDVWWZRPRQWKVDUHUHTXLUHGWRFRPSOHWHDQGGHOLYHU\RIDFFXPXODWHGDQGGHOD\HGRUGHUV,QDGGLWLRQ
WKHODVWJUDSKDOVRVKRZVWKHWRWDOFXVWRPHUZDLWLQJWLPHV'XULQJWKHGLVUXSWLRQFXVWRPHUZDLWLQJWLPHV
IRURUGHUVKDYHUHDFKHGWKHLUSHDNYDOXHVDQGDIWHURQHPRQWKRIGLVUXSWLRQWKHFXVWRPHUZDLWLQJWLPHV
FDQQRWEHKHOGZLWKLQWKHIOH[LELOLW\FRUULGRUVWKURXJKRXW\HDU


        D
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
)LJXUH6FHQDULR'LVUXSWLRQLQZDUHKRXVHD'XHGDWHSHUIRUPDQFHE3URGXFW$YDLODELOLW\F
&XVWRPHU:DLWLQJ'XUDWLRQ
,W LVDOVRDSSDUHQWIURPWKHIROORZLQJ)LJXUHWKDWDIWHUDRQHPRQWKVKXWGRZQWKHZDUHKRXVHKDV
EHHQRSHUDWLQJDW IXOO FDSDFLW\ IRU WZRPRQWKV LQRUGHU WR IXOILO XQGHOLYHUHGRUGHUV7KHQ WKH H[LVWLQJ
FDSDFLW\LVXVHGLQDEDODQFHGPDQQHURYHUWKHQH[WPRQWKV

)LJXUH6FHQDULR3HUIRUPDQFH$YDLODELOLW\LQWKHFORVHGRZQFDVHRI&76
5.6.5 Change Scenario 5: Total layout decreases 20% 
7KHLQLWLDOOD\RXWLVFRPSRVHGRIQLQH]RQHVZKLFKDUHGLVWLQJXLVKHGEDVHGRQSHUIRUPHGDFWLYLWLHV7KH
KHLJKWRIWKHZDUHKRXVHLVPWKHOHQJWKRIWKHZDUHKRXVHLVPDQGWKHVXUIDFHDUHDRIWKHZKROH
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
ZDUHKRXVHLVP,QFLGHQWDOO\WKHFROOLVLRQUDQJHDQGWKHWLPHGXUDWLRQQHHGHGWRDYRLGFROOLVLRQV
DUH DFFHSWHG DV UHVSHFWLYHO\ PHWHUV DQG  VHFRQGV ,Q D FRQYHQWLRQDO V\VWHP KXJH EXON FRQYH\RU
V\VWHPV DUH LQVWDOOHG EHWZHHQ WKH VWRUDJH DQG ZRUNVWDWLRQ DUHD WR SURYLGH SURGXFW IORZ ZKHUHDV WKH
WUDQVSRUWDWLRQDUHDLVOHIWHPSW\IRUVKXWWOHPRYHPHQW$WILUVWWKHVL]HRIWKHWUDQVSRUWDWLRQDUHDFDQEH
WKRXJKWRIDVEHLQJWRRODUJHUHVXOWLQJLQKLJKVSDFHFRVWV2QWKHRWKHUKDQGDQDUURZWUDQVSRUWDWLRQDUHD
PLJKWUHVXOWLQKLJKFROOLVLRQUDWHV:KDWLVVLJQLILFDQWLVWKDWWKHUHLVDFKDOOHQJHEHWZHHQWKHGLPHQVLRQ
RI WKH WUDQVSRUWDWLRQ ]RQH DQG FROOLVLRQ DYRLGDQFH ,Q RUGHU WR VKRZ WKLV FKDOOHQJH VFHQDULR  LV
JHQHUDWHG7KHLQLWLDOOD\RXWDQGQDUURZHGOD\RXWDUHJLYHQLQ)LJXUHDVDVLPXODWLRQVFUHHQVKRW

      D








        E
)LJXUH6FHQDULR&766LPXODWLRQVFUHHQVKRWRIDH[LVWLQJOD\RXWEQDUURZHGOD\RXW

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
$IWHUD&76VLPXODWLRQLVUXQWKHFRVWDQDO\VHVRIERWKOD\RXWVDUHUHSUHVHQWHGEHORZLQ)LJXUH7KH
UHDVRQEHKLQGWKHGLIIHUHQFHEHWZHHQWKHWZRFRVWIOXFWXDWLRQVFDQEHH[SODLQHGE\WKHIDFWWKDWWKHWRWDO
VSDFHKDVGHFUHDVHGE\

)LJXUH6FHQDULR&RVWDQDO\VLVRILQLWLDOOD\RXWDQGQDUURZHGOD\RXW
,WFRXOGEHFRQFOXGHGIURPWKHIROORZLQJ)LJXUHWKDWWKHUHLVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKH
LQLWLDOOD\RXWDQGWKHQDUURZHGOD\RXWZKHQGHFLGLQJZKLFKRIWKHWZRGHVLJQVLVEHWWHUIURPWKHSRLQWRI
YLHZRISHUIRUPDQFHDYDLODELOLW\


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E
)LJXUH6FHQDULR3HUIRUPDQFH$YDLODELOLW\RIDH[LVWLQJOD\RXWEQDUURZHGOD\RXW

8QGHUVWDQGDUGFRQGLWLRQVLWLVH[SHFWHGWKDWWKHGXHGDWHSHUIRUPDQFHVKRXOGEHKLJKZKHQWKHGLVWDQFH
EHWZHHQDFWLYLW\LVKLJK+RZHYHUSHUIRUPDQFHDYDLODELOLW\DQGODWHGHOLYHU\UDWHVDUHDOPRVWWKHVDPHDV
WKH LQLWLDO OD\RXW GXH WR WKHZDLWLQJ GXUDWLRQZKLFKKDV HPHUJHG GXULQJ FROOLVLRQ DYRLGDQFH DV VKRZQ
EHORZLQ7DEOH
7DEOH6FHQDULRWKHFRPSDULVRQRILQLWLDOOD\RXWDQGQDUURZHGOD\RXW
3DUDPHWHUV ,QLWLDO/D\RXW 1DUURZHG/D\RXW
7RWDO$PRXQWRI&ROOLVLRQ'HWHFWLRQ  
7RWDO$PRXQWRI&ROOLVLRQ$YRLGDQFH  
/DWHGHOLYHU\3HUFHQWDJH  
3HUIRUPDQFH$YDLODELOLW\3HUFHQWDJH  
 
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&KDSWHU
6XPPDU\DQG&RQFOXVLRQ
,Q WKH ILUVW SDUW RI WKLV FKDSWHU WKH PDLQ ILQGLQJV DIWHU FRPSOHWLQJ WKH SUHVHQW UHVHDUFK VWXG\ DQG
FRQFOXVLRQV ZLOO EH RIIHUHG ,Q WKH VHFRQG SDUW SRVVLEOH UHFRPPHQGDWLRQV XQGHU WKH )XWXUH 5HVHDUFK
KHDGLQJZLOOEHJLYHQ
 6XPPDU\RI0DLQ&RQWULEXWLRQV
&RQFOXGLQJWKLVWKHVLVWKHPDLQILQGLQJVDUHGUDZQDVIROORZV
 'XH WR WKH QRYHOW\ RI VWXG\ FRPSRQHQWV DQG WKH LQFRPSDWLELOLW\ EHWZHHQ (QJOLVK DQG *HUPDQ
UHVHDUFKHV LQ WHUPV RI VFLHQWLILF H[SUHVVLRQ H[WHQVLYH WKHRUHWLFDO LQIRUPDWLRQ DQG WHUPV GHILQLWLRQV
DUHSURYLGHGDIWHUFRPSOHWLQJDFRPSUHKHQVLYHOLWHUDWXUHUHYLHZ
 $KXJH UHTXLUHPHQW IRU WKHXVHRI VLPXODWLRQKDV UHVXOWHG LQ DJURZWK LQ WKHQXPEHURI VLPXODWLRQ
ODQJXDJHV DQG SDFNDJHV RQ WKHPDUNHW HVSHFLDOO\ IRU$JHQW%DVHG 6LPXODWLRQ'XH WR WKLV UHDVRQ
ZKLFKVLPXODWLRQ WRRO LV WKHPRVW VXLWDEOHE\ WDNLQJDOO UHTXLUHPHQWVRI WKHVWXG\ LQWRDFFRXQWZDV
XQNQRZQ $Q\/RJLF VLPXODWLRQ VRIWZDUH KDV EHHQ VHOHFWHG IRU FRPSDULVRQ ZLWK RWKHUV FRPSOHWLQJ
DQDO\WLFDODQDO\VHV
:LWKWKHKHOSRIWKHILUVWGHYHORSHGVLPXODWLRQPRGHOFDOOHG&KDQJH3ODQQLQJ6LPXODWLRQ&36WKH
XVHU ZRXOG EH DEOH WR DUUDQJH WKH SDUDPHWHUV RI FKDQJH LPSDFW VXFK DV HIIHFW GXUDWLRQ UDWH DQG
YROXPHHWF%HVLGHVWKDWWKH&36VLPXODWLRQLVFDSDEOHRIHQVXULQJWKHUHIOHFWLRQRIGLYHUVLW\RIUHDO
ZRUGFDVHVE\RIIHULQJPDQ\FRQWUROSDUDPHWHUVIRUHDFKRIWKHFKDQJHGULYHUV+HQFHXVHUVFDQDOVR
VHWWKHSDUDPHWHUVRIFKDQJHHIIHFWDFFRUGLQJWRWKHFXUUHQWVLWXDWLRQRIWKHLUFRXQWULHV
 &HOOXODU7UDQVSRUW6\VWHP&76VLPXODWLRQFRPSRVHGRIDXWRQRPRXVPXOWLVKXWWOHVZDVVLPXODWHGRQ
WKHEDVLVRI$JHQW%DVHGVLPXODWLRQ5HJDUGOHVVRIWKHODFNRINQRZOHGJHDQGUHVHDUFKDERXWWKH&76
WKH DOO ZDUHKRXVH DFWLYLWLHV DQG LQYHQWRU\ UXOHVZHUH LQVHUWHG LQWR WKH &76 VLPXODWLRQ ,Q RUGHU WR
HQODUJHWKHVSHFLILFDWLRQRIWKH&76VLPXODWLRQDJHQWEDVHGVLPXODWLRQGLVFUHWHHYHQWVLPXODWLRQDQG
VWDWLVWLFDODQDO\VHVSDUWVDUHJHQHUDWHGE\ZULWLQJ-DYDSURJUDPPLQJODQJXDJH
 7KH WKLQNLQJ RI IOH[LELOLW\ FRUULGRUV ZDV HVWDEOLVKHG LQWR WKH VWXG\ WR HQVXUH ZKHWKHU RU QRW WKH
FKDQJHVDUHORFDWHGZLWKLQWKHDFFHSWDEOHXSSHUDQGORZHUOLPLWV3ULRUWRWKLVWKHUHZDVQRVWXG\WKDW
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
GHWHUPLQHGWKHXSSHUDQGORZHUOLPLWVRIIOH[LELOLW\FRUULGRUV+RZHYHUWZRPHWKRGVZHUHGHYHORSHG
WRVSHFLI\WKHPD[LPXPDQGPLQLPXPYDOXHVRIERXQGDULHV
 1HYHUWKHOHVV XVLQJ FXUUHQW LQWUDORJLVWLFV V\VWHPV LW LV EHFRPLQJ PRUH FKDOOHQJLQJ WR PHDVXUH
VLWXDWLRQVEHFDXVHRISHUIRUPLQJYDULRXVRSHUDWLRQV VLPXOWDQHRXVO\+HQFH WKHSUHYLRXV VWXGLHVDUH
QRW VXIILFLHQW HQRXJK WR TXDQWLI\ WKH SHUIRUPDQFH DYDLODELOLW\ RI D ZKROH HQWHUSULVH DV ZHOO DV WR
RYHUFRPHWKLVFKDOOHQJH'XHWRWKLVUHDVRQZLWKLQWKHVWUXFWXUHRIWKLVGLVVHUWDWLRQWZRPHWKRGVZHUH
XWLOL]HGWRFRPSXWHSHUIRUPDQFHDYDLODELOLW\2QHRIWKHPLVWKHZHLJKWHGDYHUDJHPHWKRGWKHRWKHU
RQHLVWKHIX]]\ORJLFPHWKRG
7KHPDLQJRDORIWKLVIUDPHZRUNZKLFKZDVWREHDQDSSOLFDEOHV\VWHPDWLFH[SHULPHQWDWLRQSURFHGXUH
WKDWDOOVRUWVRIFRPSDQLHVZRXOGEHDEOHWRIROORZHDVLO\ZDVUHDOL]HG(DFKVLJQLILFDQWFKDQJHZKLFK
KDV LQIOXHQFH RQ WKH &76 FDQ EH WHVWHG DQG WKH FRQGLWLRQV RI WKH ZDUHKRXVH ZLWK RU ZLWKRXW WKH
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